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I.

GENERAL INTRODUCTION

Transmission of malaria has not been considered a problem in the
United States since the early 1900's.

Malaria eradication is also an

accomplished fact for over 650 million other people living in
potentially malarious regions.

There are, however, over one billion

people still living in areas where malaria transmission remains a
problem today. 1 Furthermore, there are indications that malaria could
once again become a problem of epidemic proportions even within the
United States.
In August of 1952 an outbreak of viva:x: malaria occurred in
California.

By the end of June 1953 a total of thirty-five cases had

been reported.

The source of these infections was traced to a marine

who had returned frcm Korea in November 1951. 2 From 1954 through 1957
there were several more cases of introduced viva:x: malaria documented
in California and Arizona. 3 , 4 No further cases of introduced malaria
were documented until 1964 and 1965 when two more cases of viva:x:
malaria were documented at Fort Benning, Georgia.
cases were traced to a Korean War veteran. 5

Once again, these

These few examples clearly

illustrate that malaria can still be transmitted within the United
States if a source of infection is provided.
The total number of malaria cases (potential sources of
infection) reported in the United States has risen sharply in recent
years.

In 1965 there were 147 cases reported.

In 1966 there were 565

cases and in 1967 there were 2,022 cases reported. 6
1

This is not

2
surprising when the increasing travel of U.S. Citizens and servicemen
returning from malarious regions are taken into consideration.
Most of the cases occurring in the United States are still
imported cases rather than introduced cases and under normal circumstances would not be of any great concern.

However, there have been

increasing reports of drug-resistant strains of Plasmodium falcipa;r,um

fran South America and Southeast Asia. 1 , 7- 15

These strains are highly

resistant to many and in some cases all of the known synthetic antimalarials.

A further complication is the development of insecticide

resistance in the Anophaline malaria vectors. 16 - 22

Already in some

areas of the world where malaria is endemic, these drug-resistant
strains of Plasmcdia and insecticide-resistant strains of mosquitoes
are causing set backs in malaria eradication programs.

Furthermore,

the development of widespread drug-resistant falciparum malaria 1 and
insecticide-resistant vectors, coupled with the rising incidence of
malaria in the United States, constitutes a potential threat to the
health and welfare of the people of this country.
The major objective which dictated the direction of the research
reported in this dissertation was, therefore, the development of new
antimalarials.

A preliminary investigation of the literature indicated

that new DDS analoges might be of .some interest as antimalarials.

Of

the several possibilities, DDS analogs in which one of the p-aminophenyl
moieties was replaced by a pteridine nucleus, and in which the coupling
sulfur atom was present in varying degrees of oxidation, were felt to
be of particular interest.

Subsequent literature investigations led

to the development of a series of pteridine antifolates which still

3

incorporated some of the features of the originally suggested DDS
analogs.

Further efforts to design a series of compounds with a high

potential for biological and particularly antimalarial activity
eventually limited the field to the 2,4-diamino-6-substituted
pteridines.

With the field now limited to this extent, a survey of the

literature was conducted in order to determine which specific compounds
should be synthesized and tested.
In spite of the rapid developments in pteridine chemistry and
the large nlllllber of pteridine derivatives which have been synthesized,
certain classes of derivatives remain almost untouched.

So far, there

are no examples of 6-pteridinyl sulfoxides or 6-pteridinyl sulfones
reported in the literature.

There are only a few 6-pteridinyl ketones,

6-thiopteridines, and pteridine N-oxides reported and within these
classes, there are only scattered examples of 2,4-diamino derivatives.
The 2,4-diamino-6-substituted pteridines are of particular interest
in terms of potential biological activity.

As yet, there have been no

systematic studies on the synthesis, properties, and biological
activities of the above classes of 6-substituted-2,4-diaminopteridines
reported in the literature.

The goal has therefore been to explore

possible synthetic routes to these classes of compounds and to synthesize representatives for evaluation of antimalarial activity.
The work presented in this dissertation deals primarily with
the synthesis, properties, and biological activities of 2,4-diamino6-thiosubstituted pteridines.

Several possible synthetic routes were

investigated and a new synthetic method was developed.

In addition,

preliminary investigations of some possible synthetic routes to the

4

other classes of aforementioned 6-substituted pteridines were als o
investigated and representative examples were synthesized.

In a l l, a

total of seventy new compounds, most of which are 6-thiopteridines
were synthesized,

and a representative sampling of these canpounds was

submitted to the Walter Reed Army Hospital for evaluation of antimalarial activity.
While the new canpounds reported in this dissertation were for
the most part designed specifically as antimalarial agents, it is felt
that there is also a great potential for other types of biological
activity.

Many of the compounds bear a structural resemblance to

aminopterin and amethopterin which have been used in the treatment
of various kinds of leukemia and other tumors. 23 - 28

More recently,

2,4,7-triamino-6-o-tolylpteridine has been reported to have marked
antitumor activity against Ca775 and Ll210 mouse tumors. 29
.
. 30-34
amterene an d its
ana l ogs are potent d"1uret1cs

blocking agents. 30

Tri-

and kaluretic

Some triamterene analogs are reported to have

antihypertensive activity. 31 - 34

Other pteridines are reported to

have activity as analgesics, 35 , 36 antipyretics, 35 antiinflam-

matories,37,38 antivirals, 38 , 39 coronary dilators, 35 sedatives 35
and antibacterials. 34 , 40 , 41

In addition to these activities, it is

possible that some of the canpounds might be useful against parasitic
d~seases other than malaria, such as amebiasis, toxoplasmosis,
schistosomiasis, leishmaniasis, filariasis, trichomoniasis,
giardiasis, capillariasis, Chaga's disease and African typanosomiases.
2,4, 7-Triamino-6-o-toly_lpteridine has already been reported to have

in vitro activity against leishma:nias. 29

In view of the structural

5

relationships between the compounds reported in this dissertation and
already known useful drugs, some biological activity seems almost
certain.

It remains only to determine what kinds of biological

activity

are present, to what degree such activity is displayed, and

how useful this activity is in treating a particular disorder or
disease.

II.

LITERATURE -REVIEW
Introduction

The first work on naturally occurring pteridines was carried
out during the late 1880's and early 1890's by Sir Frederick Gowland
Hopki~s, who investigated the wing pigments of the common English
brimstone and white cabbage butterflies. 42 - 45

Shortly thereafter,

in 1895, Kuhling reported the first preparation of synthetic pyrazino[2,3-d]pyrimidine derivatives.46

The relationship between Sir

Frederick's butterfly pigments and Kuhling's synthetic pyrazino[2,3-d]pyrimidines, however, ~as not recognized until 1940 when Purrmann
demonstrated that the white (leucopterin) and yellow (xanthopterin)
butterfly pigments investigated by Sir Frederick were actually
pyrazino[2,3-d]pyrimidine derivatives.47,48
Since 1940, there has been a tremendous proliferation of both
natural and synthetic pteridine studies.

The rapid developments in

pteridine chemistry have been stimulated at least in part by the
isolation, identification, and synthesis of pteroylglutamic acid
(folic acid) and related growth factors during the latter part of the
1940's. 49 - 59

Further impetus was given by the development of amino-

pterin and amethopterin which have been demonstrated to be clinically
useful drugs in the treatment of acute leukemia and other neoplastic
disorders. 23 - 28

The fact that pteridines are now known to be widely

distributed in nature, coupled with their recognition as some of the
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most important growth regulating factors known to man, has only served
to accelerate the pace of development.
Several reviews on pteridine chemistry have appeared in which
the historical aspects, the isolation, identification and structure
elucidation of various naturally-occurring pteridines, and the
chemistry and physical properties of pteridines have all been adequately discussed.60-68

Three major reviews dealing generally with the

chemistry and properties of both synthetic and naturally-occurring
pteridines have appeared within the last ten years. 69 - 71

Whereas

most of the reviews deal with rather limited time periods, the most
recent review by Elderfield and Mehta in 1967 covers the entire time
range and deals with the chemistry of both natural and synthetic
pteridines in considerable detai1.71

In addition, the papers pre-

sented at the Second International Symposium on Pteridines sponsored
by the Ciba Foundation in London 72 and the third International
Symposium on Pteridines held in Stuttgart73 have been published.

These

papers represent a valuable source of information on more specific
aspects of both the chemistry and biology of the pteridines.
The purpose of this literature review is to treat those
specific topics not reviewed elsewhere which are most pertinent to the
work described in this dissertation.

The topics treated are pteridine

antimalarials, 6-thiopteridines, 6-pteridinyl ketones, and pteridine
N-oxides.

Inasmuch as the 6-sulfinyl and 6-sulfonyl pteridines have

not yet been reported in the literature, the closely related 6pteridinesulfonic acids and 6-pteridinesulfonamides have also been
included in this review.

8

With the exception of the naturally-occurring pteridines, the
review of these topics is intended to be comprehensive in that an
attempt was made to discuss all synthetic methods and reactions
reported in the literature for these classes of canpounds.

Within

the classes outlined for discussion, several naturally occurring 6pteridinyl ketones are reported in the literature.

The isolation,

purification, chemical reactions, and distribution in nature of these
compo~nds have been treated elsewhere, 70 , 71 , 73 and only a few of the
more recent and more important references to these canpounds will be
discussed.

Naturally-occurring compounds have not yet been reported

for any of the other classes.

Known compounds reported in the lit-

erature up through 1969, along with all significant references to
these compounds, are listed at the end of the review sections on 6thiopteridines, 6-pteridinesulfonic acids, 6-pteridinesulfonamides,
6-pteridinylketones, and pteridine N-oxides.

Again, these lists are

intended to be comprehensive with the exception of naturally occurring
pteridines which are included in the lists only when sufficient
evidence is available to allow a reasonable structure assignment to
be made.

The lists of references to naturally-occurring canpounds

are not comprehensive, but include only leading references dealing
with structure assignments or syntheses of these compounds.

All

of the testing data reported in the literature up through 1969 for
pteridine antimalarials is reviewed in the section on pteridine
antimalarials.
through 1968;

Chemical Abstracts subject indices were searched
Index Chemicus, and the heterocyclic sections of

Chemical Abstracts were scanned page by page during the year of 1969.

9

Pteridine Antimalarials
Active Compounds
Antimalarial activity among the pteridines was first reported
by Greenberg in 1949.

Six compounds were screened against PZasmodiwn

gaZZinacewn in New Hampshire Red chicks and 2,4-diamino-6,7-diphenylpteridine was found to have activity of about the same order as
quinine. 74

All the other compounds were inactive.

The results of the

antimalarial screening along with the subacute toxicity data for the
six compounds are recorded in Table I.
In 1951 Falco, Goodwin, Hitchings, Rollo, and Russell reported
activity on two additional closely related pteridines.

2,4-Diamino-

6,7-di(p-chlorophenyl)pteridine was found to be active against P.

berghei but inactive against P. gaZZinaceum.

2,4-Diamino-6-or-7-(2-

chlorophenyl)-7-or-6-(4-methoxyphenyl)pteridine was active against

P. gaZZinacewn and slightly active against P. berghei. 75

The activity

was of about the same order as that previously reported by Greenberg
for 2,4-diamino-6,7-diphenylpteridine. 74

The antimalarial activity

for these compounds against P. gaZZinacewn and P. berghei is recorded
in Table II.

Pyrimethamine is included for comparison.

In 1952 McConnachie reported the activity of 2,4-diamino-6,7diisopropylpteridine against P. gallinacewn. 76

This compound was

approximately five times as active as 2,4-diamino-6,7-diphenylpteridine
tested under the same conditions.

In addition, the chemotherapeutic

index is 1:40, approximately three times as great as that for quinine
when tested by the same method.

2,4-Diamino-6-methylindolo[2,3-g]-

pteridine was also tested for activity and found to be inactive.

10

TABLE I

THE SUBACUTE TOXICITY FOR CHICKS AND THE ANTIMALARIAL
ACTIVITY OF SUBSTITUTED PTERIDINES AGAINST
PLASMODIUM GALLINACEUM

R2Jf~INH2
0 ON

R

Compound

2

N

RI

Toxicity

Activity

R1

R2

Maximwn Tolerated Dose
Mg/Kg Body Weight
Twice Daily for 4 Daysa

OH

CH3

300

> 300

400

> 400

OH
NH2

CH3

50
250

NH2

Minimwn Effective Dose
Mg/Kg Body Weight
Twice Daily for 4 Daysb

>

50
16

NH 2

COOH

> 500

> 500 ·

NH2

pNH2~

> 500

> 500

aGreatest amount which 3 Chicks survived with a final weight (on
the morning after the last dose) at least equal to the starting weight.
bThe minimwn effective dose is the lowest dose which caused a
75 per cent reduction in mean parasitemia.
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TABLE II
THE ANTIMALARIAL ACTIVITY OF SUBSTITUTED PTERIDINES
AGAINST PLASMODIUM GALLINACEUM AND P. BERGHEI

Compound

p-Cl-$

p-Cl-$

£>Cl-~ p-MeO-~
or
or
p-MeO-$ o-Cl-~
Pyrimethamine

P. gaUinaceum

P. berghei

Active Dose Levels In
Mg/Kg Body Weight
2-3 Hours After Infection
Then Twice Daily For
3 Daysa

Active Dose Levels In
Mg/Kg Body Weight
2-3 Hours After Infection
Then Twice Daily For
3 Daysa

Inactive at 100

100-10

100-10

Slightly Active at 50

0.1-0.01

0.1-0.01

aA dose is active when ,t he mean parasi temia of the treated
animals is lowered to 1% or less of the mean parasitemia of untreated
controls.
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McConnachie reported the screening data as the number of parasitized
blood cells per 500 erythrocytes at several dose levels.

For

convience in presenting this review, these data have been used to
calculate the percentage reduction of parasitemia.

The dose giving

at least 99% reduction of parasitemia over controls is recorded as
the active dose.

The results are recorded in Table III.

Thurston, in 1953, reported the activity of 2,4-diamino-6,7diisopropylpteridine, 2,4-diamino-6,7-di-n-hexylpteridine, 2,4-diarnino-6-ethylindolo[2,3-g]pteridine against P. bePghei in mice.
Thurston records screening results as the average number of parasitized
cells per 1000 erythrocytes.

For convience, the percentage reduction

in parasitemia has been calculated from these data, and activity
expressed as the dose giving at least a 99% reduction of parasitemia
over controls.

Cycloguanil is included for comparison.

The results

are recorded in Table IV.
In a paper presented at the International Symposium on "The
Chemistry and Biology of Pteridines" held in London in 1954, Collier
reported antimalarial activity for several 2,4-diamino-6,7-disubstituted pteridines. 78

Antimalarial activity against P. bePghei was

reported for nine 2,4-diamino-6,7-dialkylpteridines.

Of these,

2,4-di-

amino-6,7-diisobtJtylpteridine was the most active, being significantly
more active than 2,4-diamino-6,7-diisopropylpteridine, and slightly
more active than 2,4-diamino-6,7-di-n-hexylpteridine, both of which
had been previously reported as active antimalarials.

2,4-Diamino-

6,7-dicyclohexylmethylpteridine was reported to be about as active
against P. bePghei as the corresponding diisopropyl derivative.78
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TABLE III
THE ANTIMALARIAL ACTIVITY OF 2,4-DIAMIN0-6,7DISUBSTI'.:f~ti!ID PTERIDINES AGAINST
PLASMODIUM GALLINACEUM

Compound

R=
R=

>-

@-

Active Dose Levels In
Mg/Kg Body Weight
Tuice Daily For 3-1/2 Days

6.25
32

·Inactive and
toxic at 500

Proguanil
Sulfadiazine

<

s
62.S

aA dose is active when the mean parasitemia of the treated
animals was lowered to 1% or less of the mean parasitemia of untreated controls.
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TABLE IV
'
'
· THE ANTIMAIARIAL ACTIVITYi
. OF ,2, 4-DIAAIN0-6,
7..:
.
DISUBSTITIJTED PTERIDINES AGAINST
·

p IASMODIUM ,iERGHEI

>-

> 40

>40

©y:Qr~}r
CH2 -cH 3

NH2

> 40

NH 2

>

Cycloguanil

1

Active Dose Levels In
Mg/Kg Body Weight
Once Daily For 4 Daysa

Compound

R =

.

so

.25

aA dose is active when the mean parasitemia of the treated
animals is lowered to 1% or less of the mean parasitemia of untreated
controls.

15
Collier reports his testing data in the fonn of a bar graph where the
log reciprocal of the 50% effective dose is plotted against length and
branching of the alkyl groups.5

For convience, these data have been

re-expressed as 50% effective dose levels in mg/kg body weight.

The

results are recorded in Table V.
The activities of 6,7-diansyl-, 6-anisyl-7-isopropyl-, and 7anisyl-6-isopropyl-2, 4-diarninopteridine were also Fep.o rted. 78 When
tested against P. berghei in mice, 2,4-diamino-6,7-dianisylpteridine
was significantly more active · than 2,4-diamlno-6,1-diisopropylpteridine; 2,4-diamino-6-anisyl-7-isopropylpteridine wa~ in turn much ·
more active than the -6, 7-dianisylpteridine, being slightly more
active than even Proguanil in the same test.

Screening results for

these compounds are reported in Table VI. ,
In 1956, Potte:r; and Henshall reported the preparation of
several 2,4-bis(dialkylaminoalkylamino)pteridines and 2-amino-4-(di'

alkylaminoalkylamino)pteridines as potential anti~a:larials. 7 Most of
the compounds had much less antimalarial activity than their parent
2,4-diamino-6,7-disubstitutedpteridines.

An exception, however, was

2-amino-4-(3-diethylaminopropylarnino)-6,7-diphenylpteridine which
showed slightly increased antimalarial activity over 2,4-diamino-6,7diphenylpteridine.80
In 1967, Osdene, Russell, and Rane reported significant antimalarial activity in a number of 2,4,7-triamino-6-arylpteridines.
Tuenty-seven compounds were screened against both P. berghei ,in mice,
and P. gallinaceum in chicks.

The large number of compounds screened,

and the high activity of several compounds, coupled with low toxic1ty,
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TABLE V
THE ANTIMALARIAL ACTIVITY OF 2,4-DIAMIN0-6,7DIALKYLPTERIDINES AGAINST

PLASMODIUM BERGHEI

Compound
R

CH3

50% Effective Dose
In Mg/Kg Body Weight
Given I.P. For 4 Days
Inactive

-CH2-CH2

250

-CHz-CH2-CH3

so
50

-CHz-CHz-CHz-CH3

50

~CH2CH(CH3)2

16

CH3
I
-CH-CH2-CH3

50

-CH2-CH2-CHz-CH2-CH3
-CH2-CH2-CH2-CH2-CHz-CH3

100

25
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TABLE VI
THE ANTIMALARIAL ACTIVITY OF 2,4-DIAMIN0-6,7DISUBSTITUTED PTERIDINES AGAINST
PLASMODIUM BERGHEI

\,

Compound

+'

R1

Rz

p-MeO-~-

p-MeO-~-

yH3

yH3

Dose In Mg/Kg Body
Weight Given I.P.
For 4 Days

Mean% Red Cells
Parasitized

50

1.5

tt3C-CH-

tt3 C-CH-

so

5

p-MeO-~-

yH3
H3C-CH-

50

0

yH3
H3C-CH-

p-MeO-~-

so

20

15

2

Proguanil
Untreated Controls

5
0.5

1.8

9

14
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probably make this the most significant paper yet to appear on

pteridine antimalarials. 29

Quinine equivalents (Q) were calculated by comparison of the
increase in mean survival time at a dosage level of 160 mg/kg.

Quinine

equivalents (Q) calculated in this manner are probably not comparable
to other quinine equivalents where a standard percentage reduction of
parasitemia is taken as the criterion for canparison.

The most active

compound was 2,4,7-triamino-6-a-tolylpteridine with a quinine equivalent (Q) of 7.7, followed by the 6-(2-chlorophenyl)-, and 6-(2,6-dichlorophenyl)- analogs (Q=S.3).

The maximum tolerated dose for these

canpounds was greater than 1280 mg/kg.

Triamterene, (2,4,7-triamino-

6-phenylpteridine, Q=2.8), was also active.

Chloroquin (Q=S.0) was

run as a standard antimalarial agent for comparison.

Both triamterene

and chloroquine have a maximum tolerated dose of 160 mg/kg.

The

screening data for this series of compounds are collected in Tables
VII and VIII.
Aviado and co-workers

81

have recently conducted further studies

with triamterene and 2,4,7-triamino-6-a-tolylpteridine which confirm
the original findings reported by Osdene, Russell and Rane. 29

The

lethal dose of triamterene for mice was between 50 and 100 mg/kg; 2,4,7triamino-6-a-tolylpteridine was found to be relatively non-toxic.
Oral administration of 2,4,7-triamino-6-a-tolylpteridine was found to
. ff ect1ve.
.
81
b e 1ne

The two compounds were screened against P. berghei

in both Swiss mice and in rats.
Tables IX and X.

The testing data are summarized in
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TABLE VII

TOXICITY AND ANTIMAI.ARIAL ACTIVITY OF 2,4,7-TRIAMINO6-ARYLSUBSTITUTED PTERIDINES AGAINST
PIASMODIUM BERGHEI IN MICE

R

MTDa
Mg/Kg

R

Increase In
Mean Survival Minimum ·Curative
Dose Mg/Kg ·
Time at MTD,
Days
(Cured/Treated)

Increase In
Mean Survival
Time At 160
Mg/Kg

2-CH3

>

1280

(Cure)b

320 (6/10)

15.6

2-Cl

>

1280

(Cure)

320 (3/10)

10.5

2,6-C1 2

>

1280

(Cure)

320 (1/5)

10.6

H

160

5.6

5.6

Quinine

640

5.4

2

Chloroquine

160

10

10

aThe maximum tolerated dose (MTD) is the maximum dose at which
no toxic deaths occur.
bA cure is defined as a survival of 30 days or more.
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TABLE VIII
ANTIMAIARIAL ACTIVITY OF 2,4,7-TRIAMIN0-6-ARYLSUBSTITUTED
PTERIDINES AGAINST PL4.SMODIUM BERGHEI IN MICE
AND PLASMODIUM GALLINACEUM IN CHICKS

Compound
R

Ph-

Activity Against
P. berghei

Activity Against
P. ga ZZinaceum

+a

+

2-CH3-Ph-

++++b

++++

3-CH3-Ph-

oc

0

4-CH3 -Ph-

0

0
+++d

2-CH3-CHrPh-

++d

4- (H3C) z-CH-Ph-

0

0

0

0

3, 4- (CH 3 ) z-Ph'1-Naphthyl

++

2-Ph-Ph-

+

4-Ph-Ph-

0

2-CH3-0-Ph-

0

0

0

21

TABLE VIII--Continued
Compound
R

Activity Against
P. ber>ghei

3,4-(CH 0) -Ph-

0

0

4-NH -Ph-

0

0

4-(H)-CH -CH-) N-Ph-

0

0

2-F-Ph-

0

4-F-Ph-

0

2-Cl-Ph-

++++

Activity Against
gaUinaceum

P.

0

++++

3-Cl-Ph-

0

0

4-Cl-Ph-

0

0

3,4-Cl -Ph-

0

0

2, 4-Cl -Ph-

0

0

2, 6-Cl -Ph

++++

2-CH -4-Cl-Ph-

+

2-Br-Ph-

++

2-I-Ph

+

4-I-Ph

0

+++

0

a+= 100% increase in survival time (MST control= 6.8±0.5 days).
h++++ = Curative, survival time greater than 30 days.
co= No activity.
<l+++ and++= Greater than 100% increase in survival time, but not
curative.
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TABLE IX
SUBCUTANEOUS ANTIMALARIAL ACTIVITY OF TRIAMTERENE AND
2,4,7-TRIAMIN0-6-a-TOLYLPTERIDINE AGAINST P.
BERGHEI IN 21-DAY-OLD SWISS MICE
><

4-l•r-i

0

>
>

!/)
!/)

(I)

!-l

5~
C/l Cl
!/)

p.

C/l

>

!-l
Cl

s

.µ
(J

(I)

Ul

!-l <I>
(I)

(1j

,f.JH
o\O •r-1

bOH

(1j

0
•r-i

0

P.•r-i (I)
;::l
4-l

(I)

bO
;::l

>-,.

0 (1j
•r-i Cl

,....;
(1j

•r-i

C/l

s

C1:l

•r-i

(I)

-c:r: E-<

(1j

!-l

(I)

!-l .µ
(1j 4-l

::E 0.. -c:r:

Control

8.0

30

0

Triamterene

10

10.6

6

78

Triamterene

25

12.4

17

60

Triamterene

50

11.8

3

91

Triamterene

100

3.8

2,4,7-Triamino-6-a-tolylpteridine

10

12.2

20

34

2,4,7-Triamino-6-a-tolylpteridine

25

10.4

4

85

2,4,7-Triamino-6-a-tolylpteridine

50

13.4

0

100

2,4,7-Triamino-6-a-tolylpteridine

100

0

100

6.8

63

0

None

None

Control

+21

2,4,7-Triamino-6-a-tolylpteridine

1.5

6.8

78

0

2,4,7-Triamino-6-a-tolylpteridine

3.0

7.6

72

0

2,4,7-Triamino-6-a-tolylpteridine

6.0

8.4

70

0

2,4,7-Triamino-6-a-tolylpteridine

12.5

9.0

62

24

2,4,7-Triamino-6-a-tolylpteridine

25.0

10.0

32

50

2,4,7-Triamino-6-a-tolylpteridine

50.0

11.8

28

55
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TABLE IX--Continued
i::

0

S::

'M

ell

(l)

.µ

0
,--i

ell

>
'M
>

5~
0
U)

i::

~H

ell
H

s
None
2,4,7-Triamino-6-o-tolylpteridine
None
2,4,7-Triamino-6-o-tolylpteridine
None
2,4,7-Triamino-6-o-tolylpteridine
None

(l)

s

(l)

:>•M
<t: E-<

0

•M

H

(l)

'M
U)

(l)

ell .µ

Hf-H
ell <t:

0..

><

o\ 0 •M

i::

ell
(l)

C/)

>.
ell

·::E 0

><

'M

C/)

i:: >.

0

s(l)Hi::

.µ

C/)

(l)

u

'M 4-;

lH

U)
U)

H

ell
0

s::

0

p.. ell

P.,•M

C/)
0\ 0

s
(l)

.µ

•r-i
Ul

i::
0

•M

.µ

u

(l)

4-;

i::

H

H
i:: C1l (l)
ell H .µ
(l)

ell lH

::E 0.. <t:

Control

7.4

84

0

100

22.4

0

100

Control

7.2

62

0

100

14.4

2

97

Control

6.7

79

0

100

14.3

0

100

Control

6.4

45

0

2,4,7-Triamino-6-o-tolylpteridine

6

10.2

47

0

2,4,7-Triamino-6-o-tolylpteridine

12.0

11.6

67

0

2,4,7-Triamino-6-o-tolylpteridine

25.0

14.4

10

79

2,4,7-Triamino-6-o-tolylpteridine

100

15.5

0

100
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TABIE X
SUBCUTANEOUS ANTIMAIARIAL ACTIVITY OF TRIAMTERENE
AND 2,4,7-TRIAMIN0-6-a-TOLYLPTERIDINE AGAINST
P. BERGHEI IN 7-DAY-OLD MENDEL-OSBORNE
STRAIN RATS

µ

,..c:

bO

•r-i

Cl)

:s:

t/J'-1--l

cd

>-. 0
cd
0
>-.

•r-i

w

>-.
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"'C:lNO
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i:Q

!-l

bO~
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C:l

Cl)

:>
•r-i
:>
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i::

Cl)

l'.:!•r-i
•r-i µ

Cl)

i::

!-l

Cl)

i:: µ u
Cl) !-l Cl)

(fJ :> cd 4-1
0 •r-i µ i::
, 0 (.? C/) H

cd

(fJ

cd
0

cd bO 0

!-l
0..

!-l >-.

;j

~-r-i

i::o

(fJ

cd

t3

bO r-1 0

H

r-1

Cl)

........ >-. i::

bO

µ

•r-i

0\ 0

Cl)

-<

s

•r-i

E-<

cd

i::o
cd

bOH
cd

:>

..>-.

Cl)

i::

.~o

4

9

16

23

30

37

44

Control

16

4

39

44

*a

*

*

*

Triamterene

10

44+

0

0

0

0

0

0

0

Triamterene

50

44+

0

0

0

0

0

0

0

Triamterene

100

7

0

*

* *

*

*

*

Control

21

1

20

30

*

*

*

2,4,7-Triamino-6-atolylpteridine

*

10

44+

0

0

0

0

0

0

0

2,4,7-Triamino-6-atolylpteridine

50

44+

0

0

0

0

0

0

0

2,4,7-Triamino-6-atolylpteridine

100

44+

0

0

0

0

0

0

0

None

None

a* = death
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Reports of the antimalarial activity of tetrahydrohomopteroic
acid also appeared in 1967. 82 , 83

This compound was screened against

P. cynomolgi in rhesus monkeys (Macaca mulatta).

Treatment was

started seven days after inoculation with 500,000 trophozoites.

Doses

of the tetrahydrohomopteroic acid (80 mg/kg) given daily for five days
canpletely cured the infection.

Doses of 40 and 60 mg/kg per day

reduced the parasitemia so that parasites were not observed in the
A single dose of

blood; however, parasitemia subsequently reoccurred.

.
. 83
80 mg /k g d 1.d not a 1ter t h e course of paras1tem1a.

While crude

preparations of tetrahydrohomofolic acid displayed some antimalarial
activity, the activity was due to the presence of tetrahydrohomopteroic
acid and purified samples of tetrahydrochomofclic acid were inactive.
The screening data for these compounds are recorded in Table XI.
Within the last three years, antimalarial activity has been

reported for 2,4-diamino-quinazoline derivatives. 84 - 86

These canpounds

bear a striking resemblance to the pteridine antimalarials and hence
are worthy of some notice.

In a recent patent, Schiff bases (I),

resulting from the reaction of various aromatic aldehydes with 2,4,6triaminoquinazoline, are reported to possess antimalarial activity.
The corresponding 2,4-diamino-6-benzylaminoquinazoline derivatives
(II)

obtained by sodium borohydride or catalytic reduction of the

Schiff bases are also reported to have antiparasitic activity. 8 4
2,4-Diamino-6-(3,4-dichlorobenzylamino)quinazoline

(III)

is four to

eleven times as active as quinine against P. berghei in mice.

The

canpound is also active against P. cynomolgi and P. knowlesi in rhesus

monkeys. 85

The 6-nitrosamino derivative of this compound (IV)

is
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TABLE

XI

THE ANTIMALARIAL ACTIVITY OF TETRAHYDROHOMOPTEROIC (THHP)
AND TETRAHYDROHOMOFOLIC (THF) ACIDS AGAINST
PLASMODIUM CYNOMOLGI IN RHESUS MONKEYS
(MACACA MUIATTA)

H):N)$YNH2
ON
H

R-~--@-~CH
O

R = OH = THHP
R = NGlu = THF

Compound

Dose In Mg/Kg
Body Weight
Given Daily,
For Five Days

H

-CH

2

2

N
H

NH

2

Number of Parasites Per 10,000
Red Blood Cells After
Inoculation On Day:
7

9

11

13

15

17

19

26

40

80

R=OH

40

14

63

36

16

2

0

0

196

R=OH

60

12

28

6

3

<l

0

0

<1

R=OH

80

23

38

10

1

0

0

0

0

0

0

R=NGlu

60

20

179

1500

565

55

82

8

116

642

202

17

24

47

66

<1

18

10

77

920

226

41

145

Control
Control

..

2i

reported to be several hundred times more active than quinine against

P. berghei and is also active against P. cynomolgi. 86

I

lI

Structure-Activity Relationships
While the pteridine antimalarials have not been as thoroughly
investigated as some of the other classes of antimalarials such as the
quinoline, pyrimidine, triazine, and diarylsulfone antimalarials, certain
structure activity patterns, nevertheless, begin to emerge.

It appears

that the 2,4-diaminopyrimidine portion of the molecule is absolutely
essential for activity.

Allowing for the exception of tetrahydrohomo-

pteroic acid, tampering with this configuration usually results in loss
of activity.

Replacing the 4-amino group with a hydroxy group gives

inactive compounds.

For example, 2-amino-4-hydroxy-6,7-diphenylpteridine

28

is inactive, whereas 2,4-diamino-6,7-diphenylpt er idine is a ctive. 74
Alkalylation of the primary amino groups also results in los s of
activity.

Boon reports that, with 2,4-diamino-6,7-diarylpteridines,

which are active antimalarials, replacing either or both of the
primary amino groups with methylamino or dimethylamino groups results

· in immediate loss of antimalarial activity. 87

Potter and Henshall

likewise report a general marked decrease in antimalarial activity
upon substituting the primary amino groups with various alkylaminoalkyl-side chains. 80

Ganapathi and Palande prepared a series of

twenty-five 2,4-dioxo-~phenylpteridines

(V), and a series of twenty-

,.

f rur 2-thiono-4-oxo-l-phenylpteridines (VI), several representatives
of which were tested against P. berghei in mice. 88

R
V

1

= H, CH , Ph
3

R 2 = H, CH 3 ,Ph

VI

The screening results have not yet been published, however.

In

consideration of the above-mentioned structure-activity patterns, it
is not expected that any appreciable antimalarial activity will be
found.
At the present, it is quite generally accepted that compounds
with a 2,4-diamino-1,3-diazine configuration exert their activity by
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selective interference with the enzyme dihydrofolic acid reductase.
It has also been clearly demonstrated that the 2,4-diamino-1,3-diazine
configuration is required for optimum binding to this enzyme.

Removal

of either or both of the ring nitrogens or alteration of the primary
amino groups results in loss of enzyme inhibition activity.

While it

has not yet been demonstrated that removal of, or the alkylation of
the 1,3- ring nitrogens in the pteridine antimalarials, results in
loss of antimalarial activity, it is nevertheless expected that this
would be the case.
While any variations in the 2,4-diamino pyrimidine configuration
invariably result in loss of antimalarial activity, functional groups
on the pyrazine ring may be varied considerably without loss of activity.
Only a few 2,4-diamino-6,7-diphenylpteridines have been screened for
antimalarial activity.

Substitution of the phenyl groups with p-methoxy

groups 78 results in increased activity, whereas p-aminophenyl

stitution74 results in the loss of activity.

sub-

Substitution with p-

chlorophenyl or different substitution on each phenyl group as in ochlorophenyl, p-methoxyphenyl, results in compounds about as active as
the parent diphenyl substituted pteridine.75

Screening data for other

substitution patterns on the phenyl groups has not been reported, nor
is any data available for diaryl substituted pteridines other than
diphenylpteridines.
Several 2,4-diamino-6,7-dialkylpteridines are reported to have
antimalarial activity. 76-79

The corresponding 6,7-dimethylpteridine

is not active, 74 but the 6,7-diethylpteridine is active.78

The activity

generally increases with increasing chain length, reaching a maximum
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with the 6,7-diisobutylpteridine.

Activity then decreases i n t he

6,7-di-n-amyl compound, but the 6,7-di-n-hexyl compound shows a marked
increase in activity over the 6,7-di-n-amyl cooipound. 78

Terminal

branching may lead to increased activity as the 6,7-diisobutylpteridine
is much more active than the 6,7-di-n-butylpteridine; however, there
are not sufficient data to indicate whether this is a general trend.
The 6,7-dicyclohexyl compound is also active 79 as is the 6,7-camphano
,

compound.

77

2,4-Diamino-6-ethylindolo[2,3-g]pteridine

(VII) , is reported

to have antimalarial activity. 77

VII

The 6-methyl analog however, is reportedly inactive. 76

Screening data

for higher alkyl members of the series are not reported in the
literature.

It would be interesting to see if activity increased with

increasing chain length as in the 6,7-dialkyl series.
Because of the difficulties involved in preparing pure samples
of pteridines with mixed 6-alkyl-7-aryl., . or 7-alkyl-6-aryl substituents,
these compounds have not been very widely investigated.

However,

2,4-diamino-6-(4-methoxyphenyl)-7-isopropylpteridine is many times more

31

active than either the 6,7-diisopropylpteridine or the 6,7-di-( 4-methoxyphenyl)pteridine.

On

the other hand, the 6-isopropyl-7-(4-met hoxy-

phenyl)pteridine is much less active than either of these two compounds.

78

This suggests that the most potent antimalarials are likely to be fa.ind
in the 2,4-diamino-7-alkyl-6-arylpteridine series which should certainly
be further explored.
Screening data for twenty-seven 2,4,7-triamino-6-arylpteridines,
a series of compounds closely related to the 2,4-diamino-7-alkyl-6-arylpteridines, is already reported in the literature.

In accordance with the

expectation that 2,4-diamino-6-arylpteridines might possess significant
antimalarial activity, 2,4,7-triamino-6-phenylpteridine (triampterene)
is found to be active.

However, any substitution in the para or meta

position of the 6-phenyl group results in loss of activity.

The p-meth-

oxyphenyl canpound is not reported, but the 3,4-dimethoxyphenyl compound
is reported to be inactive.

All of the canpounds which displayed

activity with the exception of 2,4,7-triamino-6-phenylpteridine, carried
an ortho substituent on the 6-phenyl group.

Compounds substituted in a

second position in addition to the ortho position were inactive or had
much less activity when compared to corresponding compounds substituted
only in the ortho position.

Substitution of fluoro or methoxy grrups in

the ortho position, however, led to compounds which were inactive and
toxic.
The fact that 2,4-diamino-7-isopropyl-6-(4-methoxyphenyl)
pteridine is highly active as an antimalarial and the fact that
2,4-diamino-6,7-di-(substituted phenyl)pteridines are active seems to
indicate a requirement for bulk in the 7-position which sould force
the 6-arylgroup out of plane with the pteridine ring.

In the

32
2,4,7-triamino-6-arylpteridine series, the required bulk is provided by
the oPtho substituent.

In this series, triamterene is probably active

because the unsubstituted phenyl in the 6-position was inherently the
most active substituent in the series had the necessary bulk been
provided in 7-position.

This suggests that in the 2,4,7-triamino-6-

arylpteridine series, alkylation of the 7-amino group might provide
the necessary bulk to force the 6-arylsubstituent out of plane with
the pteridine ring and thus lead to even more potent antimalarial
activity.
The 2,4-diamino-6-arylidenaminoquinazolines, and the 2,4-diamino6-arylmethyleneaminoquinazolines bear certain striking structural
similarities to the 2,4-diamino-6-arylpteridines.

Since screening

data are available for only one member of this series, it is not possible
to make structure activity correlations within the series.

However,

the antimalarial activity reported for these compounds,84-86 partic-

ularly 2,4-diamino-6-(3,4-dichlorobenzylamino)quinazoline (III) 85

and 2,4-diamino-6-(N-(3,4-dichlorobenzyl)-N-nitrosoamino]quinazoline
(IV)86 suggests that the corresponding 2,4-diamino-6-arylidenamino-,
2,4-diamino-6-arylmethyleneamino-, and 2,4-diamino-6-(N-arylmethyleneN-nitrosoamino)pteridines should be investigated for antimalarial
activity.
Tetrahydrohomopteroic acid is the only pteridine antimalarial
reported so far which does not have a 2,4-diaminopyrimidine ring.
However, there is some evidence that the antimalarial activity of
tetrahydrohomopteroic acid is not due to its inhibition of dihydro-

folic acid reductase. 83

The only other member of this series which
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was screened for antimalarial activity is tetrahydrohomofol~c acid,
which was inactive.
In summary, it appears that antimalarial activity in the 2,4diaminopteridines is most likely to be found in those compounds with
various functional groups in the 6 and 7 positions.

The highest

activity is displayed by compounds having an aryl group in the 6position.

There is some evidence that steric factors which prevent the

6-aryl substituent and the pteridine nucleus from being co-planer
rise to compounds of high activity.

give

In the 2,4,7-triamino-6-aryl-

pteridine series, ortho substitution on the 6-phenyl group prevents
co-planarity and is required for high activity.

When groups more bulky

than the amino group occupy the 7-position, other substitution patterns
on the 6-phenyl group will give active compounds.

The 2,4-diamino-6-

arylidenamino-, and 2,4-diamino-6-arylmethyleneaminoquinazoline antimalarials indicate that the arylsubstituent in the 6-position need
not be attached directly to the pteridine nucleus.

The very high

activity resulting from nitrosation of the 6-(3,4-dichlorobenzylamino) group in the quinazoline series, suggests that there is probably
a canplex interaction of steric and electronic factors which ultimately
give rise to the observed antimalarial activity.
Tetrahydrohomopteroic acid is probably the most notable exception
to these generalizations in that there is a hydroxy group in the 4position and a reduced pyrazine ring.

Tetrahydrohomopteroic acid may

well represent a new class of pteridine antimalarials.

As yet there are

not enough data available to allow structure-activity generalizations
in this series.

34

Mode of Action
Background
The theraputic action of many drugs can be attributed to their
interaction with enzyrnic receptor surfaces.

These interactions sub-

sequently cause alterations in metabolic pathways within the organism which ultimately result in the observed drug response.

Changes in

the nature and intensity of these drug-receptor interactions can be
effected by variation of substituents on the interacting molecule.
This gives rise to the structure activity relationships observed in a
series of molecules designed to interact with the same receptor
surface.
The above considerations lead to a number of predictions related
to the mode of drug action.

First, the presence of an enzyme which

interacts with the drug will be demonstrable in those organisms or
biological systems which are susceptible to the drug action.

Second,

the enzyrnic receptor will have natural substrates which are structurally
related to the drug.

Third, these natural substrates will be capable

of interfering with or ccmpetitively blocking drug action.

Fourth,

since two different drugs having the same mode of action will be interacting with the same receptor surface, they will have some common
structural features with each other and the natural substrates.

Fifth,

in the past it has been assumed that if an organism or biological
system develops resistance to a drug, cross-resistance will be demonstrated in all drugs having the same mode of action.

While cross-

resistance may still indicate a similar or common mod~ of action, the
fact of cross-resistance does not necessarily preclude a similar or
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common mode of action.

Demonstration of cross-resistance will depend

on the mechanism by which an organism develops drug resistance.
Sixth, if two drugs are interacting with different enzymes involved in
the same biochemical pathway, synergistic drug action may be observed.
On the other hand, if two drugs are interacting at a common receptor

site, or at receptor sites in different metabolic pathways, synergistic
drug action will not be observed.
The mode of action of the pteridine antimalarials will now be
considered in the light of these predictions.

Other classes of anti-

malarials having a canmon or similar mode of action will also be
discussed when such discussion leads to a better understanding of the
mode of action of the pteridine antimalarials.

For the purposes of

this review, a common mode of action is defined as drug interaction at
a canmon enzymic receptor surface.

Similar mode of action is defined

as drug interaction at an enzymic receptor site involved in the same
metabolic pathway.
Structural relationships
Chart I illustrates the structural similarities between the
pteridine antimalarials and selected examples of other antimalarials
probably having a canmon mode of action.

Chart II illustrates the

structural similarities between folic acid and several related compounds of importance in biological systems.

The structural similar-

ities and differences between these compounds are self-evident and will
not be discussed further.

Chart III illustrates the structures of

several other well known antimalarials and their names.
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CHART I
REPRESENTATIVE PTERIDINE ANTIMALARIALS AND
CCMPOUNDS RELATED IN MODE OF ACTION

R

R

2,4-diamino-6,7-diarylpteridines

2,4-diamino-6,7dialkylpteridines

2,4-diamino-6-alkylindolo[2,3-g]pteridines

2,4,7-triamino-6-orthosubstituted arylpteridines

Proguanil (Chloroguanide, Paludrine)
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CHART !--Continued

Cycloguanil

R

Pyrimethamine
(Daraprim)

·2, 4-diamino-6-benzylideneaminoquinazolines

2,4-diamino-6-[N-(3,4-dichlorobenzyl)-N-ni trosoamino] · quinazoline

R

0 = C'OH

2,4-diamino-5(4-chlorophenoxy)-6methyl pyrimidine

2,4-diamino-6-benzylaminoquinazolines

Tetrahydrohomopteroic
Acid
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CHART II
SOME NATURALLY OCCURRING, BIOLOGICALLY
IMPORTANT PTERIDINES

P-olic Acid

Fo"linic Acid
(Leucovorin,
citrovorum factor)

Pteroic Acid

Rhizopterin

N-5-N-10-methylenetetrahydrofolic Acid
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CHART III
.. '

H C-0
3

SOME COMMONLY USED ANTIMALARIALS

P:_-C1iJCH=CH2
HC

HN~ N

N

/'-

V

Cl

Chloroquine

Quinine

~ O I i N,/'-HN~

Cl

Cl

Quinacrine
(Mepacrine, Atabrine, Atebrin)

Amodiaquine

H / N ~ N H2
Primaquine

Pamaquine (Plasmochin,
Plasmoquine, Aminoquin)

y
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CHART III--Continued

Sulfadiazine

Dapsone (DDS, DADPS) ·

Metachloridine
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Target enzymes
Several of the 2,4-diaminopteridines7 9 ,89-92 whi ch have antimalarial activity, along with the clinically useful antimalarial agents
cycloguani1 90,93 and pyrimethamine,90,01,94-96 are all potent inhibitors
of dihydrofolic acid reductase isolated from a variety of sources.

This

is at least an indication that the antimalarial activity of these
compounds may be due to their interaction with this enzyme.

A di-

hydrofolic acid reductase has recently been isolated fran PZasmodiwn

bePghei by Ferone, Burchall, and Hitchings, and pyrimethamine has been
demonstrated to be a highly selective inhibitor of this enzyme. 94
Furthermore, the development of pyrimethamine resistance in P. vinekei
and P. bePghei is acccmpanied by changes in amounts and the properties
of their dihydrofolic acid reductases. 97

In consideration of these

data, it seems almost certain that the target enzyme is in fact a dihydrofolic acid reductase.
It has been noted by several authors, however, that the dihydrofolic acid reductase inhibition patterns of several 4,6-diamino1~2-dihydrotriazines, 2,4-diaminopyrimidines, and 2,4-diaminopteridines
do not correlate very well with their antimalarial activity patterns.90,98

This lack of correlation could be explained by differences

in transport across cell walls.

On

the other hand , McCormack and

Jaffe have pointed out that the lack of correlation is more likely
due to structural differences between the plasmodial reductases and
the reductases isolated from the other sources.90

This is supported

by the fact that dihydrofolate reductases isolated from different
sources give very different patterns of inhibition.90,93,99-102

In
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addition, McCormack and Jaffe have recently pointed out that the
dihydrofolic acid reductase isolated fran P. berghei by Ferone and

his colleagues 94 does in fact give a different reductase inhibition

pattern than does the same enzyme isolated from Trypanosoma

equiperdum. 90
Antagonism of antimalarial activity
In some biological systems, folic .acid and dihydrofolic acid
serve as substrates for dihydrofolic acid reductase.

In other systems,

two enzymes, one which reduces folic acid to dihydrofolic acid and one
which reduces dihydrofolic acid to tetrahydrofolic acid, have been
demonstrated.

In either case, it is expected that folic acid would

block the antimalarial activity of those drugs which owe their antimalarial activity to inhibition of folic acid or dihydrofolic acid
reductases.

A number of workers have fcund this to be the case.

antimalarial activity of proguani1,l0 3 -lOS which is metabolized to

The

cycloguanil, 106 ,lO? cycloguani1,lOS pyrimethamine, 105 and various 2,4diaminopteridines,74,lOS,lOS,l09 is antagonized by folic acid.

The

antimalarial activity of 2,4-diarnino-6,7-camphanopteridine against

P. gallinaeeum, however, was not antagonized by folic acid.lOS

The

antimalarial activity of 2,4,7-triamino-6-(o-substitutedaryl)pteridines
against P. berghei is likewise not antagonized by folic acid.

In the

latter case, experimental details and data were not presented and the
reported lack of inhibition should therefore be confirmed by additional
experiments.
p-Aminobenzoic acid also antagonizes the antimalarial activity
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of proguanil, cycloguanil, pyrimethamine, and the 2,4-diaminopteridines.81,l04,l05,108-110

The antimalarial activity of proguanil

against both P. gaZZinaceum and P. berghei for example, is antagonized
. b enzoic
. aci"d (PABA) .
by p-amino

Th e activity
. .
of eye 1oguani·1 105 and th e

activity of 2,4,7-triamino-6-a-tolylpteridine 81 against P. berghei
is also antagonized by PABA.

The antimalarial activity of pyrimeth-

amine against P. gaZZinaceum on the other hand, is not antagonized
by PABA, but activity against P. berghei is antagonized by PABA.lOS
The antimalarial activity of 2,4-diamino-6,7-camphanopteridine, 2,4diamino-6,7-di-n-hexypteridine, and 2,4-diamino-6-ethylindolo[2,3-g]~
pteridine against P. berghei is easily antagonized by PABAlOS whereas
the activity of 2,4-diamino-6,7-camphanopteridine 105 and 2,4-diamino6,7-di-isa-propylpteridine108 against P. gaZZinaceum is not antagonized
by PABA.

As might be expected, the antimalarial activity of sulfa~

diazine against P. gaZZinaceum is also antagonized by both PABA and
folic acid. 109
Synergistic studies
Studies in drug synergism have also been used to shed light on
the mode of action of the pteridine antimalarials.

For example, sulfa-

diazine and 2,4-diamino-6,7-diphenylpteridine act synergistically
against P. gaZZinaceum infections.

With one-fourth the minimum effective

dose of 2,4-diamino-6,7-diphenylpteridine, only one-sixteenth the
minimum effective dose of sulfadiazine was required for an antimalarial
response. 74

In a similar manner, proguani1 112 and 2,4-diamino-5-

phenoxypyrimidines113 also act synergistically with sulfadiazine
against P. gaZZinaceum infections.

Pyrimethamine acts synergistically
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with 2-sulfanilamido-3-methoxypyrazine against P. berghei in mice. 114
2,4-Diamino-6-o-tolylpteridine also acts synergistically with 4,4'diaminodiphenylsulfone (DDS),

4,4'-diglycylaminodiphenylsulfone

(GOD), 4,4'-diformylaminodiphenylsulfone (DFD), and 6-(4-aminobenzenesulfonamido)-4,5-dimethoxypyrimidine (sulphormethoxine, SOM)
against P. berghei in mice. 81

On the other hand, proguanil and

2,4-diamino-5(4-chlorophenoxy)-6-methylpyrimidine were not synergistic
in their activity against P. gallinaceum.

These findings seem to

indicate that 4,6-diamino-5-substitutedaryl-1,2-dihydrotriazine antimalarials, 2,4-diamino-5-aryl-, and 5-aryloxypyrimidine antimalarials
are all acting on the same metabolic pathway.

The sulfa drugs and

the 2,4-diamino-1,3-diazines, however, act at different receptor sites
in this pathway, whereas proguanil and 2,4-diamino-5-(4-chlorophenoxy)6-methylpyrimidine probably are interacting with a common receptor
site.

It seems likely that the other 2,4-diamino-1,3-diazines also

interact with the same receptor site as proguanil and 2,4-diamino-5(4-chlorophenoxy)-6-methylpyrimidine.
Cross-resistance
Studies in cross-resistance are sometimes useful in determining
the mode of action of a drug or at least whether or not two given drugs
have a similar or common mode of action.

The particular mechanism by

which an organism acquires drug resistance will almost certainly have
some bearing on the results of cross-resistance studies.

It, therefore,

seems profitable to consider some of the possible mechanisms by which
an organism may develop drug resistance along with the consequences of
these mechanisms.

In general, a drug resistant population may result
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by either natural selection of already resistant individuals or
environmentally induced adaptation of non-resistant individuals.

In

either case, the specific mechanisms mentioned below, along with their
consequences, will be applicable.
1.

Resistance to a drug may be the result of an organism's

development of an alternative metabolic pathway which no longer requires
any of the target enzymes but still provides the necessary requirements for the functioning of the organism.

In this case, cross-

resistance to all drugs having a similar mode of action would be
expected.
2.

If drug resistance results from increased levels of the

target enzyme, or if drug resistance is the result of increased levels
of the normal substrate, cross-resistance will be demonstrated only
to those drugs having a common mode of action.
3.

Drug resistance may be the result of drug--or time--

induced evolutionary changes in the enzymic receptor which result in
new drug structure-activity patterns.

In this case, cross-resistance

may or may not be demonstrated by drugs which previously had a common
mode of action.
4.

If drug resistance results from changes in cell wall

permeability, or the development of a drug destroying enzyme, crossresistance may or may not be demonstrated by drugs having a common
mode of action.
5.

In addition, there is the possibility of an organism

developing drug resistance by a combination of the above mechanisms.
In general, strains of pZasmodia made resistant to the
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2,4-diaminopteridine antimalarials are cross-resistant to ot her 2,4diaminopteridines, proguanil, pyrimethamine, and 2,4-diamino- 5(4chlorophenoxy)-6-methylpyrimadine.108

Strains of plasmcxi.ia made

resistant to proguanil, cycloguanil, and pyrimethamine are crossresistant with each other and cross-resistant with 2,4-diaminoStrains of_plasmcxi.ia made resistant to

pteridines.76,77,115-117

sulfadiazine or sulfanilamide are in general cross-resistant with
the other sulfa drugs, 77 • 118 , 119 proguanil, 76 , 118 , 119 cycloguanil, 77
pyramethamine, 11 6 and the 2,4-diaminopteridines. 76 , 77

On

the other

hand, strains of pZasmodia made resistant to proguanil, cycloguanil,
and the 2,4-diaminopteridines are still sensitive to sulfadiazine.77,108,116,117
'

Notable exceptions are two strains of P.

gaZZinaaewn, one made resistant to proguariil, and the other made

r

resistant to sulfadiazine.

Both strains are slightly hypersensitive

to 2,4-diamino-6,7-diisopropylpteridine. 76

Other notable exceptions

are a strain of P. berghei made resistant to cycloguanil which is also
cross-resistant to sulfadiazine, and strains of P. gaZZinaaewn made
resistant to proguanil which are still sensitive to 2,4-diamino-S-(4chlorophenoxy)-6-methylpyrimidine.75,115

Two authors, McConnachie 76 and Thurston,77 in two separate

·
·
·
Ro 11 o 116 as h av1ng
.
d emonstrate d a 1ac k of crosscite
publ 1cat1ons,
resistance to pyrimethamine with a proguanil-resistant strain of P.

berghei.

While in his text Rollo 116 does state that "

. . cross-

resistance does not occur; 50-63 [pyrimethamine] largely retains its
high degree of activity . . . ", a careful look at his data indicates
that the proguanil-resistant strain develops at least a three-fold
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cross-resistance to pyrimethamine.

Rollo's proguanil~resistant strain

of P. berghei was only a little less than four-fold resistant to
proguanil.

The cross-resistance of pyrimethamine indicated by the

data is, therefore, ' in keeping with the general trend of other crossresistance studies.

Thurston77 also mentions Rollo's seeming incon-

sistancy between data and text.
In one series of cross-resistance studies, Bishop and McConnachie
found that strains of P. gaZZinaceum, being made resistant to sulfadiazine, developed cross-resistance to proguanil before any resistance
to sulfadiazine could be detected, and, furthermore, once cross-resistance to proguanil was acquired, it extended to all dosage levels
tolerated by the host.

In fact, sulfadiazine was found to be a much

more effective agent for inducing proguanil resistance than proguanil
itself. 118

A strain of P. gaZZinaceum made resistant to sulfanil-

amide similarly developed cross-resistance to proguanil before resist-

ance to sulfanilamide or cross-resistance to sulfadiazine developed. 119
In strains of P. berghei made resistant to sulfadiazine, however, there
was no evidence that cross-resistance to proguanil occurred before
resistance to sulfadiazine.77,116

Cross resistance data are collected

in Tables XII and XIII.
Drug induced morphological changes
Additional evidence which might have some bearing on the mode
of action of the pteridine antimalarials is morphological changes
caused by the drugs.

The morphological changes caused in P. berghei

by pyrimethamine, proguanil, cycloguanil, sulfadiazine, 2,4-diamino6,7-diisopropylpteridine, and related pteridines, are essentially the
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TABLE XII

•

CROSS-RESISTANCE BETWEEN 2,4-DIAMINOPTERIDINES AND RELATED
ANTIMALARIAL DRUGS IN VARIOUS DRUG RESISTANT
STRAINS OF PLASMODIUM GALLINACEUM
Strains Made 'Resistant To:
Orug Tested
For Cross-Resistance
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•r-1
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r-i
•r-1

cd

i:::

• l""i

"O

cd

;:j

00
0

r-i

;:j

0..

Cf)

2,4-Diamino-6,7-diphenylpteridine
2,4-Diamino-5-(4-chlorophenoxy)6-methylpyrimidine ~·

CR

Sulf adiazine
2,4-Diamino-6,7-diisopropylpteridine
Pyrimethamine

CR

sb

Proguanil
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PR?

s

CR

CR

CR

CR

s

CR

s

s
CR

PR

CR

108

108

CR

HS

s

HS

Quinine

s

s

75,76 119
115,
116

77

acR = Cross-resistant
Sensitive
cpR = Partial (low order) cross-resistance
dHs = Hypersensitive

bs =

CR

CR

Pamaquine
References

CR

CR

Sulf ani lamide
Mepacrine

CR

HS

Sulf athiazole
Sulfapyridine

CR

76,
118
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TABLE XIII
CROSS-RESISTANCE BE1WEEN 2,4-DIAMINOPTERIDINES AND RELATED
ANTIMALARIAL DRUGS IN VARIOUS DRUG RESISTANT
STRAINS OF PLASMODIUM BERGHEI
Strains Made Resistant To:
Drug Tested
For Cross-Resistance
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TABLE XIII--Continued
Strains Made Resistant To:
Drug Tested
For Cross-Resistance
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2,4-Diamino-6-(3,4-dichlorobenzylamino)quinazoline

PR
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2,4-Diamino-6-[N-(3,4-dichlorobenzyl)-N-nitrosoamino]quinazoline

PR
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Sulfadiazine
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Sulf ani lamide
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aCR = Cross-resistant
bHS = Hypersensitive
cpR = Partial (low order) cross-resistance
<ls= Sensitive
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85,86

77,

117,

85,86 85,86
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same as a group, but very different from the morphological changes
caused by the quinoline antimalarials. 12 0

Trophozoites and gamet o-

cytes were apparently little affected by the 2,4-diaminopteridines
and related drugs, but gross abnormalities appeared in the early stages
of schizogony, and normal schizogony was eventually completely interrupted.

These drugs all appear to act on the nuclei of the schizonts,

causing them to become distorted, diffuse, and finally fragmented
and scattered through the cytoplasm.

later, the cytoplasm is also

affected but the primary attack appears to be on the dividing nucleus. 120
Drug induced gametocyte production
Another observation which indicates a similar mode of action
for proguanil, sulfadiazine, and the 2,4-diaminopteridines, is increased
gametocyte production.

Treatment of P. gallinacewn infections with

these antimalarials
results in tremendously increased gametocyte product,,-

ion, 108 whereas treatment of plasmodial infections with quinine 121
quinacrine,121-123 pamaquine,1 21,124 chloroquinel 25 and metachlorindine,126 does not result in any increased gametocyte production.

Increased garnetocyte production is particularly marked when division
is only slightly depressed and may be the result of the parasite's
inability to synthesize nuclear material fast enough to allow the rapid

nuclear division required by schizonts. 108
Tetrahydrohomopteroic acid

Considering the structural differences between 5,6,7,8-tetrahydrohomopteroic acid (THHP), and the other pteridine antimalarials,
and in light of its activity against pyrimetharnine-resistant
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P. oyncmoZgi, 83 it seems likely that 5,6,7,8-tetrahydrohomopteroic acid

(THHP) does not have a principal mode of action common to the other
pteridine antimalarials.

Its antimalarial activity is inhibited by

tetrahydrofolic acid.83

It has been suggested that since Tl-ll-lP has a

p-aminobenzoic acid moiety, it might interact with the same receptor
site as the sulfonarnides. 83

This does not seem very likely as the

sulfonamides require a primary amino group for activity.

It has also

been suggested that the target enzymes may be other enzymes involved in
folate biosynthesis, such as the enzyme which catalyzes the pyrophosphorylation of 2-arnino-4-hydroxy-6-hydroxymethyldihydropteridine, or
the enzyme which catalyzes the addition of glutamate to dihydropteroate.
Other possibilities suggested are inhibition of an enzyme involved in
feedback control of folate biosynthesis, and inhibition of tetrahydrofolate requiring enzymes involved in the synthesis of essential
metabolites. 83

It would be interesting to see if the antimalarial

activity of THHP is antagonized by p-aminobenzoic acid or folic acid,
and whether or not THHP is synergestic with sulfonamides, pyrimethamine,
cycloguanil, or the 2,4-diarninopteridine antimalarials.
2,4-Diaminoquinazoline antimalarials
On the basis of cross-resistance studies, Thompson and coworkers have concluded that 2,4-diamino-6-(3,4-dichlorobenzylamino)quinazoline has a different mode of action than the drugs now used,
such as cycloguanil, pyrimethamine, chloroquine, and DDs.85

If the

pteridine antimalarials have a canmon mode of action with cycloquanil
and pyrimetharnine, then the 2,4-diarninoquinazolines would also have a
different mode of action than the pteridine antimalarials.

53
Sulfadiazine and 2,4-diamino-6-(3,4-dichlorobenzylamino)-

quinazoline act synergistically against P. berghei infections in mice. 85
Diaminodiphenylsulfone (DDS) and 2,4-diamino-6-[N-(3,4-dichlorobenzyl)N-nitrosoamino]quinazoline also act synergistically against P. berghei
in mice. 86

This suggests that the 2,4-diaminoquinazolines are acting

on the same metabolic pathway as the sulfones and sulfonamides, and
hence the same metabolic pathway as the 2,4-diaminopteridines, Proguanil,
cycloguanil, and pyrimethamine.
Both 2,4-diamino-6-(3,4-dichlorobenzylamino)quinazoline, and
2,4-diamino-6-[N-(3,4-dichlorobenzyl)-N-nitrosoamino]quinazoline appear
to act primarily on the rapidly dividing nuclear material of the
parasite. 85 , 86
gametocytes. 86

'I'rophozoites disappear from the blood before
This again is an indication that the 2,4-diaminoquin-

azolines are acting on the same metabolic pathway as the 2,4-diaminopteridines, cycloguanil, pyrimethamine, and related canpounds.
The antimalarial activity of 2,4-diamino-6-[N-(3,4-dichloro~
benzyl)-N-nitrosoamino]quinazoline against P. berghei in mice, is only
r

slightly antagonized by PABA, and is not antagonized at all by folic
or folinic acids. 86

This is at least an indication that the 2,4-di-

aminoquinazolines do not have a common mode of action with the 2,4-diaminopteridines and related antifolate antimalarials.

The lack of

antagonism by folic and folinic acids should, however, be further
investigated and confirmed.
A strain of P. berghei, 30-fold resistant to cycloguanil, is
slightly more sensitive to 2,4-diamino-6-(3,4-dichlorobenzylamino)quinazoline,85 and only slightly less sensitive to
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2,4-diamino-6-[N-(3,4-dichlorobenzyl)-N-nitrosoamino]quinazoline. 86
A strain of P. berghei greater than 300-fold resistant to cycloguanil
shows only two-fold and four-fold cross-resistance respectively to the

above compounds. 85 , 86

A strain of P. berghei made 300-fold resistant

to pyrimethamine, is slightly more sensitive to these two compounds
than the parent strain.

Thirty-fold resistance to DDS in a strain of

P. berghei confers only about 3-fold cross-resistance to these two
compo~nds.85,86

Even a strain of P. berghei more than 600-fold

resistant to DDS shows only 4-fold cross-resistance to 2,4-diamino-6[N-(3,4-dichlorobenzyl)-N-nitrosoamino]quinazoline.86

As mentioned

earlier, lack of cross-resistance does not necessarily rule out a
common mode of action for two drugs.

It would be of considerable

interest to see if strains of plasmodia resistant to the 2,4-diaminoquinazolines were cross-resistant with 2,4-diaminopteridines, cycloguanil, pyrimethamine, DDS, and the sulfa drugs.
Although there are some indications that the 2,4-diaminoquinazolines may not have a common mode of action with the 2,4-diaminopteridines and related antifolate antimalarials, more work needs
to be done before a decision can be reached.

Lack of cross-resistance

could, for example, be the result of an altered dihydrofolic acid
reductase which still allows binding of the 2,4-diaminoquinazolines which
have the aryl group separated from the quinazoline nucleus by a nitrogen
and a methylene group.

Attachment of the aryl group directly to the

nucleus as in the pteridine, pyrimidine, and triazine antimalarials,
could prevent binding to the altered enzyme.

It would be of consider-

able interest to isolate the dihydrofolic acid reductases from the parent
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and resistant strains of plasmodia and determine the inhibition
patterns with the 2,4-diaminoquinazoline antimalarials.
In addition, the possibility of interaction with a different
enzyme involved in the same metabolic pathway should not be ignored.
It would be interesting to see if the 2,4-diaminoquinazolines acted
synergistically with the 2,4-diaminopteridines, cycloguanil, or
pyrimethamine.

Also, the possibility of the 2,4-diaminoquinazolines

interacting with more than one enzyme in the same metabolic pathway
should not be overlooked, and might explain the low orders of crossresistance observed with the antifolates.
Conclusions
With the possible exception of 5,6,7,8-tetrahydrohomopteroic
acid, all of the pteridine antimalarials appear to have a common mode
of action.

Furthermore, the 2,4-diaminopteridine antimalarials

probably have a canmon mode of action with the proguanil, cycloguanil,
pyrimethamine, and related compounds.

All of these compounds are anti-

folates and most likely owe their activity primarily to interaction
with the enzyme dihydrofolic acid reductase, although there is some
evidence that some of these compounds have other modes of action in
addition.

There are a number of enzymes closely related to dihydro-

folic acid reductase which have substrates structurally related to
folic acid and might, therefore, also be inhibited to some degree
by antifolate type compounds.

Varying degrees of inhibition of other

related enzymes and the resultant disruption of related biochemical
pathways may provide some explanation for the differences observed in
drugs primarily having a connnon mode of action.
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The sulfones and sulfa drug antimalarials are related in mode
of action to the 2,4-diamino-1,3-diazine antimalarials in that they
disrupt the same metabolic pathway.

This is not surprising when one

considers that the sulfa drugs substitute for benzoic acid, and benzoic
acid is required for folic acid biosynthesis.

The sulfones and sulfa

drug antimalarials do not have a common mode of action with the 2,4diamino-1,3-diazine antimalarials, however, in that their interaction
is with a different enzymic receptor surface.

Folate co-factors are

required in a number of enzymatic reactions essential to one carbon
transfers, purine biosynthesis, and pyrimidine biosynthesis.

Dihydro-

folic acid reductase is a key enzyme in the formation of these cofactors, and hence is an enzyme vital to cellular reproduction.

It is

therefore not surprising that the antifolate antimalarials exert their
influence primarily on the rapidly dividing schizonts, and that
observed morphological changes occur primarily in its nuclear material.
Increased gametocyte production under these conditions is also understandable.
6-Thiopteridines
Preparation
The 6-thio substituted pteridines have only recently been
prepared and investigated.

Early attempts to prepare pteridine-6-

thiol by the reaction of 6-chloropteridine with sodium hydrogen
sulfide or thiourea under a variety of conditions lead only to profrund

decomposition. 127 • 128

The treatment of 6-pteridinone with phosphorus

pentasulfide was also unsuccessful.1 27

6-Methylthiopteridine, likewise,

could not be prepared by reacting 6-chloropteridine with sodium
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methylsulfide. 128
In 1964 Albert and Clark demonstrated that 6-ch l oro, and 6, 7dichloropteridine added a molecule of water across the 3,4- position
in aqueous solution. 129

This discovery led to the postulate that a

similar addition of other nucleophiles might also occur and thus
account for the reported failure of 6-chloropteridine to undergo simple
replacement reactions with the sulfur nucleophiles.

Clark subsequently

demonstrated that a variety of other nucleophiles would indeed form
addition products with 6- and 7-chloropteridine and that conditions
could be controlled so as to give either addition or replacement

products. 13

° For example,

in refluxing acetone, 6-chloropteridine

reacts with benzyl mercaptan in the presence of potassium acetate to
give the replacement product 6-benzylthiopteridine VIII.

Treatment of

6-chloropteridine with benzyl mercaptan in benzene at 5°C for twentyfour hours, however, gave the addition product, 4-benzylthio-6-chloro3,4-dihydropteridine IX.

Refluxing
Acetone

VIII

Cl

86%

r.

N

I

H s-cH@
NH

IX
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A number of 6-thiopteridines including 6-mercapto-7-pteridinone ,
6,7-pteridinedithione, and the elusive 6-pteridinethione, have since
been made by reacting 6,7-dichloro-, or 6-chloropteridine with the
appropriate nucleophiles. 13 1

Treatment of 6-chloro-4-pteridione with

thiols also leads to the expected displacement products.

For example,

6-chloro-4-pteridinone reacts with methyl mercaptan or benzyl mercaptan
in aqueous sodium hydroxide to give 6-methylthio-4-pteridinone (X),

and 6-benzylthio-4-pteridinone (XI), respectively. 132 - 139

Cl

rNx;N~
A I

X

NH

N

0

Pteridines add a variety of nucleophiles across localized
double bonds and occassionally this reaction has been used to prepare
6-thiosubstituted pteridines.

Treatment of 6-pteridinethione sodium

salt with benzylmercaptan in ethanol, for example, gives 7-benzylthio7,8-dihydro-6-pteridinethione (XII). 131

7-Pteridinone reacts with
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thiophenol in aqueous ethanol to give 5,6-dihydro-6-phenylthio- 7-

pteridinone (XIII). 140

In a similar fashion, mercaptoethanol adds

across the 5,6-position of 2-amino-7,8-dihydro-4-pteridinone to give
2-amino-5,6,7,8-tetrahydro-6-(2-hydroxyethylthio)-4-pteridinone
(XIV). 141

Mercaptoacetic acid also adds across the 5,6-position of

2-amino-7,8-dihydro-4-pteridinone. 14 1

XII

O

EtOH

H

OxNx:N~

s

H

N

H

I

°

N

XIII

H
HS-CH2-CH2-0H

HO-CH 2-cH 2-s

rNY~NH2

N~
H
0
XIV

60

Reactions
As has already been mentioned, 6-pteridinethione undergoes
Michael-type addition to the localized 7,8-double bond. 131

It is

alkylated with methyl iodide in the presence of sodium hydroxide to
give 6-methylthiopteridine (XV). 131

Acid hydrolysis gives 6-pteridinone

(XVI), the half-life for the thione being about 14 hours at 20°C and
pH 0.3.

The methylthio derivative is also hydrolyzed to 6-pteridinone

by dilute acid, however, much more rapidly, the half-life being about
20 minutes at 20°C and pH 1.3. 131

Refluxing either 6-thio-7-pteridin-

one (XVII), or 6,7-pteridinedithione (XIX) with IN hydrochloric acid
gives 6,7-pteridinedinone (XVIII) as the hydrolysis product.

r'N'(N~
H C-SAN~N
3

xv

rx;~
N

sA N

H

N

~N

1/2 life 20 min
at 20°C

HCl
pH 0.3
1/2 life 14 hrs
at 20° C

XVI
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oxN'(N)
H

S

N~
H

XVII

XIX

6-Benzylthiopteridine when treated with ethanolic sodium
hydrogen sulfide gives 7-benzylthio-7,8-dihydro-6-pteridinethione
(XII). 131

This product probably results from a nucleophilic dis-

placement of the benzylthio group by the sodium hydrogen sulfide to
give 6-pteridinethione (XX), which subsequently adds benzyl mercaptan
across the localized 7,8-double bond.

Hydrogenation of 6-benzylthio-

pteridine over 5% palladised charcoal gives a 6-benzylthiodihydropteridine of undetermined structure which is most likely 6-benzylthio7,8-dihydropteridine (XXI).

Reduction of 6-benzylthiopteridine by sodium

in liquid ammonia gives a mixture containing 6-pteridinethione which,

however, could not be conveniently isolated. 131
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Na SH

EtOH

>,

+

As yet, there are no reports in the literature of any oxidations
of 6-thiopteridines to disulfides, sulfonic acids, sulfoxides, or
sulfones, and except for 6-pteridinesulfonic acids, these substituents
are not known in the 6-position.
Urothione
The early work on the structure illucidation of urothione
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resulted in the preparation of 2,3-dihydrothieno[2,3-g]pteridines as
model compounds.

Although these compounds could well be considered

as 6-thiopteridines, strictly speaking, they are derivatives of thieno[2,3-g]pteridine.

Urothione has recently been demonstrated to be a

derivative of thieno[3,2-g]pteridine, which cannot be considered a 6thiopteridine in any sense

The work on urothione is therefore only

very briefly summarized.
In 1940, Koschara reported the isolation of a new pteridine
from human urine. 142

Tschesche carried on the work after Koschara's

death and eventually proposed structure XXIII for urothione. 143,144
During the course of Tschesche's investigations, several model
compounds of the proposed structure XXIII were prepared, such as

xxrv 143

and

xxv. 145

Goto and co-workers recently demonstrated, however,

that urothione is 7-amino-2-(1,2-dihydroxyethyl)-3-(methylthio)-

thieno-[3,2-g]-5-pteridinone (XXVI) 146 and have confirmed this by
synthesis. 147

XXIII
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-OH

XXVI

List of known compounds
The 6-thiopteridines reported in the literature thus far are
listed in Table XIV.

The thieno[2,3-g]pteridines are not included

since, strictly speaking, they are not pteridines.
TABLE XIV
THE 6-THIOPTERIDINES REPORTED IN THE LITERATURE
MP

Yield

> 160°C

84%

Recryst.
Solvent

1N HCl &

KoAc

Ref.

131
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TABLE XIV--Continued
MP

OXNl()

Yield

Recryst.
Solvent

Ref.

EtOH

131

H 0
2

131

H

S

N~

>250°C

H

SXN:CN
I~
H

S

N

N

>250°C

NaOH

&H©

131

H

77%

Et-OH

131
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TABLE XIV--Continued
MP

Nx;N~
H3C-S

N

NH

Yield

Recryst.
Solvent

Ref .

pe:ti t Et!h

139

289.5291. soc

36%

aq. isoPrOH

132-139

233-

68%

aq. isoPrOH

132-139

2552570C

24%

0

@-

~YN~

CH2-S~N~NH

235°C

0

140
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TABLE XIV--Continued

MP

Yield

>200°C
dee.

79%

195198°C

Recryst.
Solvent

131

dioxane

>300°C

Ref.

131

141

68%

141
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6-Pteridinesulfonic Acids
Preparation
Van Baalen and Forrest first reported the formation of 6substituted pteridines by addition of nucleophiles to a reduced

pteridine in 1959. 148

Shortly thereafter, Viscontini and Weilenmann

reported the first 6-pteridinesulfonic acid (XXIX) which was formed by
the addition of sodium bisulfite to the reduced pteridine (XXVII). 149

In

1962, at the Third International Symposium on Pteridines held at
Stuttgart, Wood, Rowan, and Stuart cited evidence which indicated that
the 6-pteridinesulfonic acid (XXIX) resulted by- nucleophilic addition of
sodium bisulfite across the localized 5,6-double bond of a 7,8,dihydropteridine XXVII to give a tetrahydropteridine XXVIII, which was subsequently oxidized to the pteridine-6-sulfonic acid XXIx. 150

HH
HH
HtNx;NYNH2 NaHS03
:'r'Nx;NYNH2
I NH - - - - - P,~ I NH
N

0

XXVII

HO-S

II

O

N
H

0

XXVIII
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the reaction appears to be quite general as a number of workers have
since demonstrated that sodium bisulfite adds to localized 5,6-double
bonds in other pteridines as well.

Sodium bisulfite reacts

with 7-pteridinone (XXX) to give sodium 5,6-dihydro-7-pteridinone-6sulfonate (XXXI) in 68% yield. 140

Addition of bisulfite to 2-amino-

7,8-dihydro-4-pteridinone gives a 95% yield of 2-amino-4-pteridinone-

6-sulfonic acid (XXIX) 141 after oxidation with potassium permanganate.

Similar additions occur with 7,8-dihydrofolic acid and 2-amino-6methyl-7,8-dihydro-4-pteridinone.151

Not only has it been demonstrated

that bisulfite adds to 7,8-dihydropteridines to give 5,6,7,8-tetrahydropteridines, but more recen'tly, it has been demonstrated that
bisulfite also adds to the aromatic ring system to give 7,8-dihydropteridines.151

OtN)CN'l
I
H

N

N

68%

XXX

Albert and Matsuura report the formation of three sodium
pteridinesulfonates by reacting sulfur reducing agents such as dithionite and meta-bisulfite with pteridinediones. 152

Refluxing

2,7-pteridinedione with sodium dithionite in O.SN sodium hydroxide
fallowed by acidification with hydrochloric acid reportedly gives a
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sodium tetrahydro-2,7-pteridinedione sulfonate.

Treatment of 2,7-

pteridinedione with sodium meta-bisulfite in cold lN sodium hydroxide
gives a sodium dihydro-2,7-pteridinedione sulfonate.

Refluxing 2,4-

pteridinedione with sodium dithionite in 0.lN sodium hydroxide gives
5,6,7,8-tetrahydro-2,4-pteridinedione along with some sodium 5,6,7,8tetrahydro-2,4-pteridinedione-6-sulfonate.152

Since dithionite and

meta-bisulfite both give bisulfite and related species on treatment
with acid or mild oxidation, it seems likely that these pteridinesulfonates are also formed as a result of bisulfite addition across
localized double bonds.
list of known compounds
The pteridine-6-sulfonic acids and salts reported in the
literature are listed in Table XV.
TABLE XV

THE 6-PTERIDINESULFONIC ACIDS REPORTED IN TI-IE LITERATURE
MP

Yield

95%

Recryst.
Solvent

NaOO

+

Ref.

128, 1
141,
150,
153
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Table XV--Continued

:YN)(;N'l
0~ ~N

MP

Yield

>:160°C

68%

Recryst.
Solvent

Ref

H
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H
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H
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NH
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0
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TABLE XV--Continued
MP

Yield

Recryst.
Solvent

2
H+Nx;NYNH
I
H

H3C

Ref.

H
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N
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I
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6- Pteridinesu lfonamides
Preparation
Only one series of pteridine-6-sulfonamides has been prepared.
These canpounds were all prepared by a Tinnnis synthesis wherein a
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sulfamoylacetonitrile (XXXIII) was reacted with a 4-amino-5-nitroso- •·

pyrimidine (XXXII) to give the 6-pteridinesulfonamide (XXXIV). 154 , 155
For example, sulfamoylacetonitrile (XXXVI) was reacted with 4,6diamino-5-nitroso-2-phenylpyrimidine (XXXV) to give 4,7-diamino-2phenylpteridine-6-sulfonamide (XXXVII).154,155

XXXIII

:~:x::N
NH 2

XXXV

DMF >
NaOMe

+
XXXVI

XXXVII

List of known compounds
The names of the pteridine-6-sulfonamides reported in the
literature are listed in Table XVI.
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TABLE XVI
THE 6-PTERIDINESULFONAMIDES REPORTED IN THE LITERAWRE
MP

Yield

Recryst.
Solvent

Ref.

154,
155

155

155

'"

H2NxNx;N~
R
I

H2N-~

0

N

NH

Cl

N

2

155

155

155

155

155
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VI--Continued

MP
_a:T-~A~
_B:LE~X=

HNXN
o

H2N--S
II

II

0

Np1

I "- :

x;N

N

S

Yield

Recryst.
Solvent

Ref.

155

NHz

155

155

155

155

155

155

155
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TABLE XVI--Continued
MP

Yield

Recryst.
Solvent

Ref.

155

155

6-Pteridinyl Ketones And Their Derivatives
Preparation
6-Pteridinyl ketones were probably among the first pteridine
derivatives to be investigated.

Shortly after !say published his

purine and pteridine syntheses in 1906,156 Sacks and Meyerheim
conducted further studies with the reaction and in 1908 reported the
preparation of 6-acetyl-l,7-dimethyl-2,4(1H,3H) pteridinedione
(XXXVIIIa), and 6-acetyl-l,3,7-trimethyl-2,4(1H,3H) pteridinedione
(XXXIXa). 157

While these compounds are reported as 6-pteridinyl

ketones, they are so designated with the understanding that the
products obtained could also be the isomeric 7-pteridinyl ketones
(XXXVIIIb and XXXIXb) or even a mixture of the two isomers.
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+

XXXVIII

R = H

XXXIX

R = CH3

b

More recently, Sugiura and Goto have prepared 6-acetyl-2-amino-7methyl-4-pteridinone (XLII) by the condensation of 2,4,5-triamino6-hydroxypyrimidine (XLI) with 2,3,4-triketopentane (XL).

The spectral

and chemical evidence presented indicate that their product is predominantly the 6-acetyl derivative rather than the isomeric 7-acetyl
derivative.1 58

H C-C= 0
3

I
+
H-:::tC - C - C=-0
V

II

0

XL
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After the work of Sachs and Meyerheim, no further attention was
given to the 6-pteridinyl ketones until 1963 when Pachter, Nemeth and
Villani reported the preparation of several 6-pteridinyl ketones (XLIII)
by reacting 4-amino-5-nitrosopyrimidines with pyridinium salts in the
presence of cyanide ion, 3 4,159,160 or by a Timmis type synthesis wherein
-

the 4-amino-5-nitrosopyrimidines are reacted with S-keto~itril~s.31•160•161

-·--·-·-

--

While these reactions could theoretically lead

to either the 6-pteridinyl ketones (XLIII), or the 6-pteridinecarbonitriles (XLIV), the 6-pteridinyl ketones (XLIII) are almost without exception the only products isolated.

Only in the reaction of 4,6-

4,6-diamino-5-nitroso-2-phenylpyrimidine with phenacylpyridinium
branide, in the presence of cyanide ion, is the 6-pteridinecarbonitrile
XLIVa isolated as a minor product. 159

®©

R2 -C-CH 2-N

O::Nl$'(1+
NH2

0
II
R2-C-CH2-C:N

CN0
-----\.
EtOH
1
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N~N~

N
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.

NH2

Osdene has reported the synthesis of 6-pteridinyl ketones by

reacting 4-amino-5-nitrosopyrimidines with $-ketoesters 39 as well as
$-ketonitriles.3 8

The reaction of 4-amino-5-nitrosopyrimidines with

8-ketoesters, however, leads to mixtures containing both the ketone
XLV and the isomeric ester (XLVI).

Either of the two products could

be made to predominate by control of the reaction conditions, and
furthermore, the ester (XLVI) is easily extracted from the much more
insoluble ketone (XLV) by treatment with boiling ethanol.

0II

R 1 -C-CH

0II

2-c 'OR 2 - -

+
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In at least one instance, the oxo-function has been introduced
by oxidation of a methylene group with selenium dioxide.

For example,

2-amino-6-acetonyl-4,7-pteridinedione (XLVII), upon oxidation with
selium dioxide, gives 2-amino-6-(1,2-dioxopropyl)-4,7-pteridinedione
(XLVIII) in 35.4% yield.162
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Derivatives
So far, only two derivatives of 6-pteridinyl ketones are
reported in the literature.

Both the phenylhydrazone, and the 2,4-

dinitrophenylhydrozone of 6-acetyl-4,7-diamino-2-phenylpteridine
(XLIX) are prepared by refluxing the ketone with the appropriate

phenylhydrazine in acetic acid solution. 159

Derivatives of naturally

occurring pteridines are not included.

0

XLIX

NH2

II
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NH
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Reactions
It is expected that the carbonyl group in the 6-position would
serve to activate groups in the 2,4 and 7-positions toward nucleophilic
displacement.

In accordance with this, both 6-benzoyl-4,7-diamino-

2-methylthiopteridine (L), and 6-acetyl-4,7-diamino-2-methylthiopteridine (LI), when refluxed with piperidine, gave the corresponding
2-piperidinopteridines La and Lia,34,159,160 whereas 4,7-diamino-6methyi-2-methylthiopteridine failed to give the expected piperidino
compound under similar conditions. 159

As might be expected, reactions

of 6-pteridinyl ketones with ammonia lead to impure products. 159

~oN oN

HfJI/ N~N';r'Nc::J
reflux

H3C-~
0

Lla

NH 2

A similar activating influence may be operative in the
hydrolysis of 4-acetamido-6-pteridinyl ketones.

For example,
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4-acetamido-2,7-diamino-6-benzoylpteridine (LII) was completely
hydrolyzed to the corresponding deacetylated compound LIII by
treatment with 1.5% (0.37N) sodit.nn hydroxide for two hours at room
temperature. 159

Data on the hydrolysis of a suitable 4-acetamido-

pteridine derivative in which such an activating influence is not
operative are not available for canparison.

However, it has been

reported that the hydrolysis of 2-acetamido-6-hydroxymethyl-4-(3H)pteridinone (LIV) to the corresponding amine LV, required thirty-six
hours in 0.3N sodiwn hydroxide at room temperature. 163

1.5% NaOH
Roorri . temp f
2 hrs
LIU

0.3N NaOH
Room temp.
36 hrs
93%

LV

The 6-pteridinyl ketones are reduced to the corresponding
alcohols LVI with sodiwn borohydride in methano1. 34,l58-160

As yet,

no other reactions involving the carbonyl have been reported except
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the single instance of a phenylhydrazone formation. 159

The reduction

of 2-amino-6-(1,2-dioxopropyl)-4,7-pteridinedione (LVIII) with aluminumamalgam gives a mixture of 2-amino-4,7-pteridinedione (isoxanthopterin, LVII), and 2-amino-6-(2-hydroxypropyl)-4,7-pteridinedione
(LIX). 162

No other reactions involving methyl hydrogens activated by

the 6-ketone carbonyl are reported.

OxNx;NYNH2
I
H

.

NH

H ~N

OxNx;NYNH
I
H

H

3

c-c-r
II
l'i

0 0

N

LVIII

NH

0

0

LVII
2

+

,
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Naturally occuring 6-pteridinyl ketones
Several naturally occurring 6-pteridinyl ketones have been
reported in the literature.

The isolation, distribution, and chemistry

related to the structure elucidation of these compounds is discussed
elsewhere; 70 - 73 therefore, only the more recent papers concerned with
the structure and synthesis of these compounds will be discussed.

Most

of these compounds were first discovered in various Drosophita

metan~gaster mutants. 70 , 71 , 16 4- 166

The predominant and most widely

studied Drosophita pterins are sepiapterin and isosepiapterin, commonly
referred to as the yellow Drosophita pterins.

The red Drosophita

pterins, which occur in lesser amounts, consist of drosopterin, isodrosopterin, and neodrosopterin.
The structure of sepiapterin has been established as 2-amino6-lactoyl-7,8-dihydro-4(3H)-pteridinone (LV) by degradative

methods, 167 • 168 nuclear magnetic resonance data, 169 and model
compounds. 158

H

H

I

H+Nx;NYNH2
A N I NH
CH -CH-C
3 I
II
OHO

LX

0

Isosepiapterin is 2-amino-6-propionyl-7,8-dihydro-4(3H)pteridinone
(LXIII) 168 -l?O and has been synthesized 166 , 171 in 22% yield by a
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thiamine catalized addition of a-ketobutyric acid (LXI) to the
localized double bond of 2-amino-7,8-dihydro-4-pteridinone (LXII)
followed by partial oxidation of the 5,6,7,8-tetrahydropteridine
intermediate LXIV.

OH
I

C=O

CH 3 -cH 2 -~
0

LXI

+

l

Thiamine
37°

It was hoped that a similar reaction starting with a-keto-S-hydroxy-

butyric acid would give sepiapterin, but this was not realized. 171

The reaction of 2-amino-7,8-dihydro-4(3H)-pteridinone with a-keto-Smethoxybutyric acid did, however, give a low yield of what was thought

to be 2-amino-6-(l-oxo-2-methoxypropyl)-7,8-dihydro-4(3H)-pteridinon~. 171
The structures of drosopterin, isodrospterin and neodrosopterin

are not yet firmly established.

Drosopterin and isodrosopterin are
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thought to be the two geometric isomers LXV, and LXVI of 2-amino-6(l,2-dihydroxypropylidene)-S,6-dihydro-4(3H)-pteridinone.165

HO

'cI

J

H-C-OH
·I

CH 3

Nx;NYNH2
NI
NH

H

0

LXVI

Neodrosopterin is thought to be 2-amino-6-lactoyl-5,8-dihydro-4(3H)pteridinone (LXVII). 16 5

LXVII

At least two yellow-fluorescent compounds can be isolated from
the epidermis of Bombyx mori, mutant Zemon.

The major component, called
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xanthopterin B1, is identical with sepiapterin.

Goto and co-workers

recently isolated and purified the minor ccmponent (2 mg from 100 g
wet epidermis) which is designated as xanthopterin B2 .

The structure

2-amino-6-lactoyl-8-methyl-7,8-dihydro-4(3H0-pteridinone (LXVIII)

was postulated by Goto, et al., in 1965 173 but after further investigation, the structure was revised to 7,8-dihydro-6-lactoyllumazine

H
3

LXVIII

NYO

H>c x;NH

H

H

N

c-c-cAN
I

II

O

OHO

LXIX

List of known canpounds
The 6-pteridinyl ketones and derivatives which are reported in
the literature are listed in Table XVII. :Derivatives of the naturally
occurring 6-pteridinyl ketones are not included.
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TABLE XVII
.----·-----
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-
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TI-IE 6-PTERIDINYL KET0NES REPORTED IN TI-IE LITERATURE

MP

Yield

Reeryst.
Solvent

3, 4
6, 7

<340°

YoZI8~

H2N N
H · C-C~N
3 II
0

N[-:::::]

Ref.

Et Cl-I

3, ,1 4

<280°
dee.

DMF

3, 4

306-310°
dee.

DMF

3, 4

293-298°
dee.

NH2

then

H0Ae-H2O

5

5
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TABLE XVII--Continued
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6

8
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DMF
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7
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EtOO
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Solvent
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Dioxane
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EtOH

Ref.

3,4,9

3,4

9

9
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TABLE XVII--Continued
, MP

Yield

>250°

Recryst.
Solvent

Ref.
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158

H H
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>250°
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158
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TABLE XVII--Continued
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TABLE XVII--Continued
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Pteridine N-Oxides
Preparation
The first authentic pteridine N-oxides were reported in 1963
by Pachter, Nemeth, and Villani who prepared several pteridine 5oxides (LXXII) by the condensation of 4-amino-5-nitrosopyrimidines
(LXX) with S-keto pyridinium salts (LXXI) in the presence of potassium
acetate.31,32,159

R.,,,.tH-•No
@
H2N)$YR1
ON +
X-

O=N

3 -C=O

R2

NH2
LXX

LXXI

KOAc

EtOH

R)f~IRI
0 ON

R2

1
0

LXXII

NH2

In 1965, Pfleiderer and Hutzenlaub reported the preparation of several
pteridine 5-oxides (LXXIII) by direct oxidation of substituted lumazines
with performic acid. 17 4

lllmazines carrying a phenyl group in the 6-

position could not be oxidized to the corresponding N-oxides, possibly
due to steric factors.

In 1967, Zondler, Forrest, and Lagowski reported

a similar oxidation of 1,3,6-trimethyllumazine using trichloroperoxyacetic acid. 175

In addition to the 5-oxide, these authors also

report the 5,8-dioxide, and cite evidence for the formation of the 8oxide, although it was not isolated. 175

The first authentic pteridine

8-oxides isolated and characterized were reported by Taylor and Lenard

in 1968. 176

These N-oxides are prepared by closing a pyrimidine ring
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.
N-ox1.d e 1nterme
.
d"1ate. 176,177
on t h e pre f orme d pyraz1ne

This' method

gives an unambiguous product and allows for considerable variation on
both the pyrazine and pyrimidine rings.

0
II

H-00-C,

H

LXXIII

NYNYO

t

0

0II
H-OO-C-C-Cl

3

CH3

H C,(N~N.,_CH
3

J.

0
LXXIV

O

3

0

NXNH2
I

T
1/

R

I

N

+

c-o-Et

"

0

LXXV

Although Cresswell, Maurer, Strauss, and Brown reported the

preparation of a pteridine I-oxide LXXVI in 1965, 178 their ccmpound

is probably better represented as the tautomeric cyclic hydroxamic acid
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(LXXVIa).

A similar compound LXXVII, tautomeric with a 3- oxide

LXXVIIa, was previously reported by Wright and Smi th in 1955. 178 , 180
Pteridine N-oxides in which the 1 or 3-oxide tautomer predominates or
in which tautanerism is not possible, have not yet been reported in
the 1i t era ture.

LXXVIa

~NYN~

l.,N~N-OH
C

LXXVII

rNYN~
OH

LXXVI!a

Reactions
The most widely studied reaction of the pteridine N-oxides is
reduction of the N-oxide function.

Pachter, Nemeth, and Villani report

that the hydrogenation of pteridine 5-oxides (LXXVIII) over Raney nickel
in ethanol at 50 psi, gives the corresponding deoxygenated products
LXXIX.

Prolonged hydrogenation over Raney nickel, however, sometimes re-

sults in reduction to the corresponding 5,6,7,8-tetrahydropteridines
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LXXX.

The hydrogenation of lumazine 5-oxide over platinum results in

5,6,7,8-tetrahydrolumazine which is isolated and characterized as its
5-acetyl derivative. 174

H2, Raney Ni

According to Taylor and Lenard, pteridine 8-oxides (LXXXI) are reduced
to the corresponding 7,8-dihydropteridines (LXXXII) by using sodium dithionite,176 or sodium sulfite. 177

The 7,8-dihydropteridine thus

obtained is easily oxidized to the corresponding aromatic structures
LXXXIII using potassium perrnanganate 176 or iodine. 177
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Nx:NYNH2
I
0

't

R1

NH

N

O LXXXI

J

HtH
R
I

Na 2s 2o4·2H 2o

~x:Ny

~N

I

NH2

NH

0

LXXXII

The cyclic hydroxamic acid (LXXVIa) is extremely resistant to
hydrogenation requiring four to five days over platinum oxide before
a negative ferric chloride test is given .

The product thus obtained

is r~ported to have been a tetrahydropteridine which, however, was
not characterized, but oxidized by air to the corresponding aromatic
pteridine.
A number of pteridine N- oxides give rearranged products on
treatment with acetic anhydride.

For example, refluxing 1,3,6-tri-

methyllumazine 5-oxide (LXXXV) in acetic anhydride causes a Boekelheide
rearrangement to 6-acetoxymethyl-1,3-dimethyllumazine (LXXXIV). 175

The resulting acetoxymethyl compound is very easily hydrolyzed to the
corresponding 6-hydroxymethyl-1,3-dimethyllumazine (LXXXVI).

Treatment

of 1,3,6-trimethyl-7-methoxylumazine 5-oxide (LXXXVII) with acetic
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anhydride under similar conditions, however, resulted only in deoxygenation to 1,3,6-trirnethyl-7-methoxylurnazine (LXXXVIII). 181

This

result, however, may be an indication that the N-oxide (LXXXVII) which
was formed by oxidation of the parent lurnazine with hydrogen peroxide,
is in fact the 8-oxide LXXXVIIa rather than the 5-oxide LXXXVII.

CH 3
I

::?'Nx;N'f
I N =,. .
0

H

3

C

N
j,
0

O

'cH

3

LXXXV

LXXXVI

LXXXVII
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Refluxing lumazine 5-oxide (LXXXIX) in acet i c anhydride f or
ten hours, results in its rearrangement to 2,4,6-pteridinetrione
(XC). 174

A similar acetic anhydride rearrangement of the propos ed

1,3,6-trimethyllumazine 8-oxide (XCI) which, however, was not isolated
or characterized, gives l,3,6-trimethyl-2,4,7-pteridinetrione (XCII ) . 175

Nx;NYO
( I
H

t

NH

N

0

LXXXIX

Reflux

f
'i

XCI

/

Nx;NYO
I
H

NH

N

H

0

XC

XCII

Refluxing l,3,6-trimethyl-2,4,7-pteridinetrione ' S-oxide
(XCIIIa), or 3,6-dimthyl-l-phenyl-2,4,7-pteridinetrione 5-oxide
(XCIIIb), with acetic anhydride is reported not to give the Boekelheide
rearranged products XCIVa and b, but rather 1,3-dimethyluric acid
(XCIXa), and 1-methyl-3-phenyluric acid (XCIXb) respectively by a ring
contraction. 181

Experiments with

c14 labeled starting materials result

in radioactive uric acid derivatives only when the 7-position of the
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N-oxide is labeled.

It is concluded that XCIII is first acetylated to

7-acetoxy-1,3,6-trimethyllumazine 5-oxide (XCV) by the acetic anhydride;
acetylation facilitates a nucleophilic attack by the 5-oxide oxygen
atom on the 6-position to give XCVI.

Ring opening of XCVI gives XCVIII,

which in turn ring closes to give XCVII, which is subsequently
hydrolyzed to give 1,3-dimethyluric acid (XCIX) as the isolated
product. 181
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There is some evidence that the oxide function of pteridine 5oxides may participate in the hydrolysis of 4-acetamido groups.

For

example, 4-acetamido-2,7-diamino-6-phenylpteridine 5-oxide (C) is
hydrolyzed to the corresponding 2,4,7-triamino-6-phenyl-pteridine 5oxide (CI) by briefly boiling with methano1. 159

MeOH

CI

C

The lumazine 5-oxides are stable to acid hydrolysis in lN

sulfuric acid, 174 however, alkaline hydrolysis in IN sodium hydroxide
leads to opening of the pyrimidine ring.

For example, alkaline

hydrolysis of 1,6,7-trimethyllumazine (CII) and 1,3,6,7-tetramethyllumazine _(CIV) gives 5, 6-dimethyl-3-methylamino-2-pyrazinecarboxylic
acid I-oxide (CIII), and 5,6-dimethyl-3-methylamino-2-methylcarbamoylpyrazine I-oxide (CV) respectively.

fH3

H3CXNYN'f
H3C

N~
.1.
0
0

CII

O

1N

NaQ-1

108

CH3

r-Nx;N--rO
I

¼:N

.L

O

O

'CH

CIV

1N Naa--I
3

List of known pteridine N-oxides
The pteridine N-oxides reported in the literature are listed
in Table XVIII.
TABLE XVIII
TI-IE PTERIDINE N-OXIDES REPORTED IN THE LITERATURE

MP

250-251°
dee

Yield

Recryst.
Solvent

Ref.

DMF

32,

Eta-I

32,
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MP
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Ref.
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TABLE XVIII--Continued

MP
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Yield

Recryst.
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EtOH

Ref.
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32

9J$'rNH2
0

HN-~-CH3
0

32,
159

111
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Ref.
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N
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0

. NH2
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MP

Yield

Recryst.
Solvent

Ref.
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251-252°

23%

174

40%
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18%
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TABLE XVIII--Continued
MP
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Yield

Recryst.

Solvent

Ref.
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Yield

Recryst.
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Ref.
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Yield

Recryst.
Solvent

Ref.

241°

6.6%

Eta-I
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III.

EXPERIMENTAL

General Information
Starting materials.--All starting materials,.for which preparations are not described in this dissertation, were obtained from
comme:i;cial sources.

These materials were generally obtained fran

Aldrich Chemical Company, or Eastman Kodak, and were used without
further purification unless otherwise stated.
Infrared spectra.--Infrared spectra were run routinely on all
starting materials, intermediates and products.

Liquids were run as

capillary films between NaCl, CsBr, or CsI plates.
run by incorporation into KBr pressings.

Solid samples were

The following spectro-

photometers were used to record infrared spectra:

Beckman IR-5, IR- 7 .,

and IR-8; Perkin-Elmer 457 and 700 models; and a Hilger and Watts
Infragraph Hl200.

All of the infrared spectra reproduced in this

dissertation were recorded on the Perkin-Elmer 457 at slow speed and
normal slit width.
Nuclear magnetic resonance spectra.--The nmr spectra were
recorded on a Varian A-60A spectrometer with tetramethylsilane used
as an internal standard.

The samples were run neat or as 10-50%

solutions in an appropriate solvent.
Ultraviolet absorption spectra.--The ultraviolet absorption
spectra were recorded on a cary Model 15 ultraviolet recording
119

120
spectrophotometer.

The samples were dissolved in an appropriate

solvent and the same solvent was used as the reference.
Paper chromatograph.--Paper chromatography was run by the
descending method using Whatman No. 1 paper.

Chromatograms were

0

0

visualized with ultraviolet light at 2537 A or 3660 A.

The following

solvent systems were used for development of chromatograms:

(A) 90%

formic acid-water, 1:4, (B) pyridine-water, 1:4; (C) morpholine-water,
1:4; (D) trifluoroacetic acid-water, 1:4; (E) 3% ammonium chloride;
(F) 90% formic acid-water, 1: 8; (G) pyridine-water, 1: 8; (H) morpholinewater, 1:8.
Melting points.--Melting points were determined either on a
Thomas-Hoover capillary melting-point apparatus or a Kofler Micro
Hot stage and are uncorrected.
Elemental analysis.--Most of the elemental analyses were performed by the M-H-W Laboratories in Garden City, Michigan.

A few of

the analyses were performed by Chemalytics, Inc., in Tempe, Arizona.
Some of -the sulfur analyses were done by the author.
Pyrimidine Intermediates
Preparation of 2,4,6-triamino-5-nitrosopyrimidine, method

Taylor; Vogl, and Cheng. 182 --The potassium _salt of mesoxalonitrile

of

'

oxim¢ (24.1 g, 0.181 moles) and guanidine carbonate (16.5 g, 0.0915
moles} were mixed in c:i -round-bottom fla's k with 1~7 ml of N,N-dimethylformamide and refluxed · r'or 30 min;

The mixture, which' had turned

deep red-violet in color, was cooled to _a bout _85°, and 142 ml of water
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was added with stirring.

The mixture was filtered, and the bright-pink

solid washed with water and dried in an oven at 70°.

Yield 23.3 g

(84.5 %) mp >300° (lit. mp 345-346°).
Preparation of 2,4,6-triamino-5-nitrosopyrimidine, method of·
;

the I.aboratoires Lumiere and Institut Merieux. 183 --A solution of 55.0 g
(0. 796 moles) of sodium nitrate in 80 ml of water was added dropwise
to a stirred solution of 50.0 g (0.757 moles) malononitrile in a
mixture of 50 g glacial acetic acid and . 40 ml water, maintained at 6°
in an ice bath.

After 3 hrs the addition was canplete, and the mixture

was allowed to warm slowly to room temperature then allowed to stand
36 hrs.

The mixture was then stirred and heated to 50° while 75.0 g

(0.414 moles, 0.828 equiv) of guanidine carbonate were added in small
portions.

A gas (CO 2) was ' evolved and the odor of nitrogen oxides

was detected.

After addition was canplete, stirring was di,s continued

and the yellow mixture was cooled to -10° in an ice-salt bath.

The

mixture was filtered with suction and the solid sucked as dry as
possible with the aid of a rubber dam.

The filter cake was dissolved

in 250 ml of warm water (50°), the solution cooled in a refrigerator at
10°) then cooled in an ice-salt bath to -10°.

The mixture was filtered,

the cake sucked as dry as possible with the aid of a rubber dam, .and
dried in air to give 70. 0 g (60. 0% yield) of product.

The entire

product, 70.0 g (0.454 moles), of the guanidine salt of mesoxalonitrile
oxime was dissolved in 300 ml of N,N-dimethylformamide, then 16 g of
potassium carbonate was added, and the mixture was stirred and refluxed
for 30 min.

The mixture gradually turned deep red-violet, and after

cooling, 400 ml of water was added.

The mixture was filtered, the pink

122

solid blenderized with 250 ml •of water, and refiltered.

The washing

procedure was repeated with a mixture of 100 ml of methanol and 100 ml
of ethyl ether.

The dried product weighed 45.0 g (64.4% yield, 38.7%

yield two-step overall) and was identical to the product previously
prepared.
18 2
.
.
2 -p h eny 1 - 5-n1trosopyr1m1
·
· · d 1ne.
·
Preparation
of 4 , 6 - d.1am1no-

Benzamidine salt of mesoxalonitrile oxime (7 .6 g, 0.035 moles) was
dissolved in 70 ml of a-picoline and heated under gentle reflux for
2-1/2 hrs.

The mixture was cooled slightly, 280 ml of water added,

and the mixture cooled in the refrigerator overnight.

After further

cooling in ice, the mixture was filtered, the product washed with
water, then ether, and dried in air to give 4.9 g (64.5% yield) of
green solid.

A small sample was dissolved in abs ethanol, treated

. with Norit, filtered through a Celite pad and cooled in an ice box at
-10°.

The solution was filtered and the pale-blue solid dried in air,

(mp 240.5°, lit. 182 mp 243-244°),

A second reaction was run in which the silver salt of mesoxalonitrile oxime (23.1 g, 0.110 moles) was added in small portions to a
stirred solution of 15.7 g (0.100 moles) of benzamidine hydrochloride
in 100 ml of methanol.

After addition was complete, the mixture was

stirred 2 hrs, filtered, and the silver chloride residue washed with
portions of methanol until the washings were colorless.

The filtrate

and washings were evaporated to dryness at room temperature on the flash
evaporator to give 20.6 g (0.0958 moles, 95.8% yield) of the benzamidine
salt of mesoxalonitrile oxime.

This product was dissolved in 100 ml of

a-picoline and refluxed for 30 min.

The mixture was cooled slightly,
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400 ml of water added to the warm solution, and the solution cooled in
the refrigerator at 10°.

The mixture was filtered, the bright-green

solid washed with water, then ether, and dried in an oven at 70°C to give
10.0 g (48.6% yield) of product identical with the prcxiuct previously
prepared.
A third reaction was run in which the silver salt of mesoxalonitrile oxime (46.2 g, 0.220 moles) was added in small portions to a
stirred solution of 31.4 g (0.200 moles) of benzamidine hydrochloride
in 200 ml of methanol.

After addition was canplete, the mixture was

stirred 4 hrs, filtered, and the silver chloride residue washed with
methanol.

The filtrate and washings were evaporated to dryness under

reduced pressure to give 43.0 g (100% yield) of the benzamidine salt
of mesoxalonitrile oxime which was dissolved in 200 ml of a-picoline
and refluxed for 3 hrs.

The · green solution was evaporated to dryness

under reduced pressure, the residue · treated with water, the mixture
filtered, the residue washed with water and dried in an oven at 70°
to give 23.0 g (46.6% yield) of gr~en ·,product, mp 238-240° (lit. 182
mp 243-244°).
Attempted preparation of 4,6-diamino-5-nitroso-2-pyrimidinone.-Sodium metal (0.500 g, 0.0217 moles) was dissolved in 20 ml of abs
ethanol, 30 ml of N,N-dimethylformamide was added, followed by 1.20 g
(0.0200 moles) of urea, and 2.66 g (0.0200 moles) of mesoxalonitrile
oxime potassium salt.
cooled and filtered.

The mixture was stirred and refluxed 4 hrs, then
The light-brown solid was washed w~th ether, and

dried to give 2. 04 g of product.
cyano band at about 2210 cm- 1 .

An ir of the material. showed

a strong

No 4,6-diamino-5-nitroso-2-pyrimidinone
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was isolated.
.
.
5-n1troso.
2-pyr1m1
· ·d·1none. 182 -- Urea
Preparation
of 4 , 6- d.1am1no(0.60 g, 1.010 moles) and mesoxalonitrile .oxime potassium salt (1.33 g,
0.0100 moles) were added to a solution of sodium ~thoxide prepared by
dissolving sodium metal (0.25 g, 0.011 moles) in 20 ml of abs ethanol.
The mixture was refluxed for 10 hrs.

A solution of 2.4 ml of glacial

acetic acid, made up to 10 ml with water, was added, the mixture was
filtered, the red-violet solid washed well with water, then ethanol,
and dried in an oven at 70° to give 0.87 g (56.2% yield) of product,
mp >300° (lit. 182 mp >360°).

The prcxiuct was insoluble in hot N,N-di-

methylformamide and hot acetic acid, and only very slighdy soluble in
hot dimethylsulfoxide.
A second reaction was run in which urea (1.20 g, 0.0200 moles)
and mesoxalonitrile oxime potassium salt (2.66 g, 0.0200 moles) were
added to a solution of sodium ethoxide prepared by dissolving sodium
metal (0.50 g, 0.0217 moles) in 50 ml of abs ethanol.
refluxed for 2 hrs.

The mixture was

After cooling the mixture to room temperature, a

solution of 2.4 ml of glacial acetic acid, made up to 10 ml with water,
was added.

The mixture was cooled in ice, filtered, the red-violet

solid washed well with water, then ethanol, and dried to give 0.41 g
(13.2% yield) of prcxiuct, mp >300° (lit. 182 mp >360°).

Preparation of 4,6-diamino-2-methyl-5-nitrosopyrimidine. 182 --A
2.0 g (0.013 moles) sample of the acetamidine salt of mesoxalonitrile
oxime was dissolved in 10 ml of 5-ethyl-2-methylpyridine and refluxed
for 20 min with stirring.

After cooling to room temperature, 20 ml
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of abs ethanol was added, and the mixture cooled in an ice box at -20°.
The dark-green mixture was filtered, the solid washed with ethanol,
and dried in an oven at 70° to give 1.59 g (79.5% yield) of dark-green
product, mp >300° (lit. 182 mp 306° dee).

The product was soluble in

N,N-dimethylformamide and acetic acid, but only very slightly soluble
in ethanol.
A second reaction was run in which a 14.5 g (0.0945 moles)
sample of the acetamidine salt of mesoxalonitrile oxime was dissolved
in 70 ml of 5-ethyl-2-methylpyridine and refluxed with stirring for
20 min.

After cooling to room temp, 140 ml of abs ethanol was added

and the mixture cooled in an ice box at -20°.

The mixture was filtered,

the product washed well with ethanol and dried in an oven at 70° to give
10.6 g (73.2% yield) of green solid.

A 1 g sample was recrystallized

fran acetic acid (Norit treatment, filtered through Celite) with 60%
recovery, and dried in an oven at 70° to give a pale-blue product, mp
>310° (lit. 182 mp 306° dee).
Preparation of 4,6-diamino-2-methylthio-5-nitrosopyrimidine. 182 -A 17,5 g (0.0946 moles) portion of S-methylisothiouronium salt of mesoxalonitrile oxime was dissolved in 90 ml of pyridine and refluxed
gently for 1-1/2 hrs, cooled to room temperature, poured into 1800 ml
of rapidly stirred water, then placed in a refrigerator at 10°.

The

mixture was filtered, and the brownish-green solid residue was washed
with water, and dried in an oven at 70° to give 5.5 g (31.2% yield) of

product, mp 257-258° (lit. 182 mp 261-262°).
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Preparation of 2-phenyl-4,5,6-triaminopyrimidine. 184 --0nefourth teaspoon of Raney nickel and 0.5 ml 85% aqueous solution of
hydrazine hydrate were added to a refluxing, stirred, suspension of
1.07 g (0.0050 moles) of 4,6-diamino-2-phenyl-5-nitrosopyrimidine in
50 ml of 95% ethanol.

The green color was rapidly discharged, and a

yellow-brown solution resulted.

Norit was added, the hot solution was

filtered through a Celite pad and the pad was washed with hot ethanol.
The filtrate and washings were evaporated on the flash evaporator to
give a red oil which solidified to a pink solid on cooling.

The

solid was broken up, a small amount of water was added, and the mixture
was filtered.

After washing the solid with water and drying in air,

it weighed 0.92 g (91.6% yield).

(mp 188.5-190.0°; lit. 184 mp 186-

1900)
Preparation of 2,4,6-triacetamidopyrimidine. 177 --2,4,6-Triaminopyrimidine (5.00 g 0.0400 moles) was suspended in 50 ml acetic anhydride
and refluxed 2 hrs.

The mixture was cooled in ice, filtered, the solid

washed well with ether, and air dried to give 9.27 g (92.5% yield) of
product, mp 303-304°.

The product was crystallized from glacial acetic

acid .with 91.7% recovery, mp 306-307° dee (lit. 185 mp 304-305).

Preparation of 2,6-diacetamido-4(3H)pyrimidinone. 185 --2,6-Diamino-4(3H)pyrimidinone monohydrate (5.76 g, 0.0400 moles) was suspended
in 50 ml of acetic anhydride and refluxed with stirring for 2 hrs.

The

mixture was cooled in ice, filtered, the light-tan solid washed well
with ether, and dried in an oven at 70°.

Yield 8.12 g (96.6%).

A

0.500 g sample was crystallized once (decolorized with Norit, filtered
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through Celite), from N,N-dimethylformamide-water with 65.3% recovery,
mp >300° (lit. 185 mp >340°).
Preparation of 2-amino-4,6-diacetamido-5-nitrosopyrimidine. 159 -A stirred suspension of 2.00 g (0.0130 moles) of 2,4,6-triamino-5nitrosopyrimidine was slowly heated in a mixture of 10 ml acetic
anhydride and 20 ml glacial acetic acid for 30 min.

The pink solid

gradually dissolved giving a blue solution from which blue solid
eventually precipitated.

The mixture was cooled in a refrigerator for

2 hrs at 10°, filtered, the blue solid washed well with ether, and air
dried.

Yield 2.70 g (87.4% yield) mp 200-201° dee (lit. 159 mp 199-200°).
A second reaction was run in which a stirred suspension of

25.0 g (0.162 moles) of 2,4,6-triamino-5-nitrosopyrimidine in a
mixture of 125 ml acetic anhydride and 250 ml of glacial acetic acid
was heated slowly for 30 min.

The mixture was cooled in the refrigerator

2 hrs at 10°, filtered, the blue solid washed with two 50 ml portions
of ether, and dried to give 30.1 g (78.0% yield) of blue prcxluct,
mp 202-203° dee (lit. 159 mp 199-200°).
A third reaction was run in which acetic anhydride, 100 ml,
was added to a stirred suspension of 20.0 g (0.130 moles) of 2,4,6-triamino-S-nitrosopyrimidine in 200 ml of glacial acetic acid.

The

mixture was heated slowly with continued stirring until all of the
pink solid had dissolved and blue solid began to precipitate.

The

mixture was then cooled in ice until small crystals of red-violet
material began to form on the sides of the flask.

The mixture was

filtered immediately, the blue solid washed with two 25 ml port.i ons
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of abs ethanol, and dried in air to give 24.7 g (79.9% yield) of
product.

A small sample contained in a capillary tube, when heated

rapidly to 200°C, then at a rate of 2° per min, melted at 207.0° dee
(lit. 159 mp 199-200°).

.
.
"d o- 5-n1trosopyr1m1
.
· "d·1ne. 159 -- A
Preparation
of 2 , 4 , 6 -tr1acetam1
2.5 g (0.0162 moles) portion of 2,4,6-triamino-5-nitrosopyrimidine
·was suspended in a mixture of 25 ml of acetic anhydride and 75 ml of
glacial acetic acid with stirring, and refluxed gently for 15 min.

The

pink starting material dissolved and the color of the mixture turned
successively red-violet, blue-violet, blue, blue-green, and olivegreen.

The mixture was evaporated to dryness on the flash evaporator,

the green solid broken up, washed with ether, and dried in air.
4.17 g (91.7%).

Yield

A sample recrystallized from abs ethanol melted with

decomposition anywhere from 208° to 213° depending on the rate of
heating and initial temperature.

(lit. 159 mp 214° dee)

A second reaction was run in which 10.0 g (0.0650 moles)
portion of 2,4,6-triamino-5-nitrosopyrimidine was suspended with
stirring in a mixture of 100 ml of acetic anhydride and 300 ml of
glacial acetic acid and refluxed gently far 13 min.

The dark olive-

green solution was filtered hot, and the filtrate cooled in ice
several hours.

Filtration of the cold mixture gave a green solid

which was identical to that previously obtained.
A third reaction was run by a mcx:lified procedure.

By swirling

and heating gently, a 5.00 g (0.00324 moles) sample of 2,4,6-triamino5-nitrosopyrimidine was ~issolved in 10 ml of acetic anhydride.

The
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dark-green solution was cooled in the refrigerator at 10°, filtered,
the product washed with ether, and dried in an oven at
70° to give 0.591 g (65.2% yield) of dark-green solid, mp 212.5°.

The

product was recrystallized from 20 ml of hot N,N-dimethylformamide by
careful addition of 80 ml abs ethanol followed by cooling in an ice
box at -20° .
213.5° dee.

Recovery on crystallization was 78.11% of product, mp

(lit. 159 mp 214° dee)

Preparation of 4,6-diacetamido-2-phenyl-5-nitrosopyrimidine. 186 -4,6-Diamino-2-phenyl-5-nitrosopyrimidine (10.7 g, 0.0497 moles) was
dissolved in 125 ml of acetic anhydride by heating just to boiling.

The

mixture was allowed to stand overnight at room temperature, cooled in
ice, filtered, and the resulting solid rinsed with ether and dried in
air to give 11.7 g (88.0% yield) of yellow-green solid, mp 189-190° dee.
A sample recrystallized twice from benzene had a mp of 194-195° (lit. 186
mp 220°).
In a second reaction, 4,6-diamino-2-phenyl-5-nitrosopyrimidine
(0.500 g, 0.00232 moles) was dissolved in 10 ml of acetic anhydride
and heated just to reflux.

The mixture was cooled in ice, filtered,

the yellow-green solid washed with ether and air dried to give 0.512 g
(82.7% yield) of product, mp 210-211° dee.

After one crystallization

£rem benzene (83.4% recovery) the mp was 212° (lit. 186 mp 220°).

The low melting points for these products (mp 212° and mp 1941950) are probably due to contamination by starting material.

The ratio

of acetic anhydride to starting material was increased in the second
reaction and the mp of the product was raised considerably.
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Preparation of 6-(N,N-diacetylamino)-1,3-dimethyl-5-nitrosouracil.--A 0.500 g (0.00271 moles) sample of 6-amino-1,3-dimethyl-5nitrosouracil was dissolved in 10 ml of acetic anhydride by gently
heating.

The mixture was evaporated to dryness on the flash evaporator

to give 0.68 g (93.5% yield) of pale-tan solid which was washed well
with ether and dried in air.

Yield 0.630 g (86.6%) mp 176-178°dec.

The product is very sensitive to hydrolysis.

Solutions in abs ethanol

are slowly hydrolyzed, and even on standing in air several days the
pink color of the deacylated product becomes apparent.

Although this is

a new compound, an analytical sample was not obtained.

All attempts

to crystallize the product gave material contaminated with deacylated
starting material.

Melting points of recrystallized products were

invariably lower than the crude material.

Of the solvents tried,

carbon tetrachloride and nitromethane gave the best results.

nmr

(CDCl3) 83.35 (s, 3), 3.43 (s, 3), and 2.34 (s, 6); ir (No. 8, p 280).
Attempted acylation of 2,6-diamino-5-nitroso-4(3H)pyrimidinone.--A suspension of 3.10 g (0.0200 moles) of 2,6-diamino5-nitroso-4(3H)-pyrimidinone in 25 ml of acetic anhydride was refluxed
gently for 3 hrs.

The mixture was cooled in ice, filtered, the pink

residue dried in an oven at 70°.

An ir of the pink solid was identical

with an ir of the starting material.
unreacted starting material).

Yield 1.90 g (61.4% recovery of

The filtrate was neutralized with

aqueous sodium bicarbonate and a slight turbidity developed.

An odor

similar to cyanide was noted, but all tests for the presence of
cyanide ion were negative.
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Attempted acylation of 2,6-diamino-5-nitroso-4(3H)-pyrimidine.-A suspension of 3.10 g (0.0200 moles) of 2,6-diamino-5-nitroso-3(4H)pyrimidine in 25 mls of acetic anhydride was refluxed gently for 36
hrs.

The mixture was cooled and filtered.

washed with acetic acid then ether.

The brownish residue was

The brown solid weighed 1.74

g

(56.2% recovery of starting material), and their was identical with
an ir of the starting material.

The filtrate and washings were evapo~

rated to dryness on the flash evaporator to give 2.4 g of dark-brown ·
solid.

The uv and ir spectra indicated that cleavage of the pyrimidine

ring had probably occurred.
Attempted acylation of 6-arnino-5-nitroso-2,4-pyrimidinedione.--A 0,500 g (0.00321 moles) sample of 6-amino-5-nitroso-2,4pyrimidinedione was suspended in 10 ml of acetic anhydride and refluxed for 1 hr.

The mixture was filtered, the solid washed with

acetic anhydride until washings were colorless, then washed with ether,
and dried in an oven at 70°.

The product weighed 0.482 g (96.3%

recovery of starting material), and an ir of the material was
identical with an ir of the starting material.
Attempted acylation of 4,6-diamino-2-methyl-5-nitrosopyrimidine.
--A 0.500 g (0.00327 moles) sample of 4,6-diamino-2-methyl-5-nitrosopyrimidine was dissolved in 20 ml of acetic acid, heated just to
boiling, then 10 ml of acetic anhydride was added.

After standing at

room temperature several hours, the mixture was cooled in a refrigerator
at 10°, filtered, the green solid washed with ether, and dried in an
oven at 70° to give 0.150 g (30.0% recovery) of starting material
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identified by ir spectrum.

The filtrate and washings were evaporated

on the flash evaporator, the oily residue treated with ether, filtered,
the yellow-brown solid washed with ether, and dried in an oven at 70°
to give 0.398 g of product.

Their spectrum indicated a mixture, and

the product was not further investigated.
Attempted acylation of 4,6-diacetamido-2-methyl-5-nitrosopyrimidine.--5,6-Diamino-2-methyl-5-nitrosopyrimidine (0.500 g, 0.00327
moles) was suspended in 10 ml of acetic anhydride and heated just to
boiling for 2-3 min.

The mixture was cooled, evaporated under reduced

pressure, the oily residue treated with ether, and filtered.

The

light-brown solid was washed with ether, and dried to give 0.542 g of
product which ir analysis showed to be a mixture.

The product was

not further investigated.
Attempted acylation of 4,6-diamino-5-nitroso-2-pyrimidinone.-A 0.500 g (0.00322 moles) sample of 4,6-diamino-5-nitroso-2-pyrimidinone
was suspended in 10 ml of acetic anhydride, refluxed for 30 min, then
evaporated under reduced pressure.

The oily residue was treated with

ether, and placed in a refrigerator at 10°.

The mixture was filtered,

the solid washed well with ether, and dried in an oven to give 0.528
g of product which aglomerates at 190° but does not melt up to 303°.
Their indicated a mixture, and no pure product was isolated.
Attempted acylation of 4,6-diamino-5-nitroso-2(1H)-pyrimidinethione.--A 5.00 g (0.00292 moles) sample of 4,6-diamino-2-mercapto-5nitrosopyrimidine was suspended in 10 ml of acetic anhydride and
refluxed for 5 min.

After cooling in a refrigerator at 10°, the mixture
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was filtered, the solid washed with ether and dried in an oven at
70° to give 0.418 g (83.8% recovery) of starting material identified
by their spectrum.
Attempted acylation of 4,6-diamino-5-nitroso-2(1H)-pyrimidinethione.--A 0.500 g (0.00292 moles) sample of 4,6-diamino-2-mercapto-5nitrosopyrimidine was suspended in 10 ml of acetic anhydride with
stirring and refluxed for 1 hr.

The mixture was cooled to room temp-

erature, filtered, the dark-brown solid washed well with ether, and
dried in an oven at 70° to give 0.341 g of product.

Their spectrum

indicated a mixture containing substantial am runts of starting material.
Activated Methylene Intermediates
4-Nitrophenylthioacetaldehyde and 4-Nitrophenylsulfonalacetaldehyde
Both 4-nitrophenylthioacetaldehyde and 4-nitrophenylsulfonylacetaldehyde were prepared by a sequence of reactions described by
Izumi, Kimoto and Makoto. 179 ,lSO

5-Nitrobenzenesulfenyl chloride,

which was prepared fran the disulfide by oxidative cleavage with
chlorine gas, was added to vinyl acetate to give l-chloro-2-(4nitrophenylthio)ethyl acetate.

This product was then hydrolyzed with

aqueous acid to give 4-nitrophenylthioacetaldehyde.

Oxidation of l-

chloro-2-(4-nitrophenylthio)ethyl acetate with potassium permanganate
in acetic acid gave the corresponding sulfone which gave 4-nitrophenylsulfonylacetaldehyde on acid hydrolysis.
times.

The sequence was run several

The following procedures are typical:
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Preparation of a 4-nitrobenzenesulfenyl chloride solution. 187 - 19 2
--a 70.0 g portion of Eastman 4,4'-dinitrophenyldisulfide was dissolved
in boiling xylene, decolorized with Norit, filtered through a Celite
pad and cooled overnight in a refrigerator at 10°.

After further

cooling in ice, the cold solution was filtered, the solid washed well
with 100 ml of ether, and dried in an oven at 70° to give 48.0 g
(68.6% recovery) of material, mp 175.0-177.5°.

A 46.0 g (0.1495 moles)

sample of the recrystallized disulfide was suspended in 300 ml of
reagent grade chloroform and a stream of chlorine gas passed thrrugh
the suspension.

The chlorine was first dried by passing through a

washing tower containing coned sulfuric acid.

After passing thrrugh

the reaction chambers, unreacted chlorine gas was passed through a
washing tower containing chloroform at the end of the train.

Chlorine

gas was passed into the mixture until all of the solids were dissolved
and a deep red-orange solution was obtained.

Air was then sucked

through the system to remove excess chlorine gas.

The yield is

assumed to be quantitative.
Preparation of 1-chl oro- 2- ( 4-ni trophenyl thio) ethyl ; ,

acetate. 187 - 188 --Freshly distilled vinyl acetate (30.0 g, 0.349 moles)
was added dropwise to a stirred solution of 4-nitrobenzenesulfenyl
chloride (0.1495 moles) maintained at 0-15° in an ice bath.

After

standing at room temperature over night, the chloroform was removed
under reduced pressure to give 82.5 g (100% yield) of 1-chloro-2-(4nitrophenylthio)ethyl acetate as a yellow oil.
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Preparation of 4-nitrophenylthioacetaldehyde. 187 - 188 --A 21.0 g
(0.0761 moles) sample of l-chloro-2-(4-nitrophenylthio)ethyl acetate
was dissolved in 150 ml of glacial acetic acid and warmed to 80°.

Sixty

ml of 30% hydrochloric acid warmed to 70° was poured into the above
solution with stirring.
min.

The mixture was maintained at 75-80° for 5

The warm mixture was poured into 2 1. of water and extracted

with chloroform.

The chloroform was removed under reduced pressure,

the oily residue was taken up in 100 ml of methylene chloride, washed
with two 100 ml portions of 5% aqueous sodium bicarbonate, then a 100 ml
portion of water.

The methylene chloride layer was separated and dried

over anhydrous sodium sulfate.

Filtration to remove the drying agent,

followed by evaporation of the solvent under reduced pressure left
12.2 g (76.7% yield) of dark oily liquid.

The thiosemicarbazone

derivative was prepared and recrystallized once from aqueous ethanol,

mp 19·0 .5-191.0° (lit. 193 mp 189-190°).

Preparation of l-chloro-2-(4-nitrophenylsulfonyl)ethyl

acetate. 186 --Freshly powdered potassium permanganate (48.0 g, 0.304
moles) was added in small portions over a period of 1 hr to a stirred,
ice cooled solution of 79.6 g (0.289 moles) of l-chloro-2-(4-nitrophenylsulfonyl)ethyl acetate dissolved in a mixture of 160 ml acetone
and 240 ml glacial acetic acid.

After addition was canplete, the

mixture was allowed to stand at room temperature for 3 hrs, then decolorized with 30% hydrogen peroxide.

One 1. of water and 500 ml of

ether were added to the mixture, the ether layer separated, the aqueous
layer extracted with two more 500 ml portions of ether, the canbined
ether extracts dried over anhydrous sodium sulfate, and the ether
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removed to give 68.6 g (77.4% yield) of red-brown semi-solid.

A

sample crystallized fran methanol melted at 109-111° (lit. 187 mp
112-113°).

Preparation of 4-nitrophenylsulfonylacetaldehyde. 187 --A 3 ml
portion of 30% hydrochloric acid heated to 80° was added to 2.0 g
(0.0065 moles) of l-chloro-2(4-nitrophenylsulfonyl)ethyl acetate
dissolved in 5 ml of glacial acetic acid heated to 80°.

The mixture

was swirled and maintained at 80° for 5 min then poured into 50 ml
of water and cooled in ice.

The mixture was filtered, the white solid

washed with water, and dried in air to give 1.5 g (100% yield) of
product, mp 104° (lit. 187 • 192 mp 104°).

Preparation of Other Aldehyde
Precursors
Preparation of 4-acetamidophenylthioacetaldehyde diethyl
acetal.--4-Acetamidothiophenol (1.67 g, 0.0100 moles) and bromoacetaldehyde diethyl acetal (2.0 g, 0.010 moles) were added to a
solution of sodium ethoxide formed by reacting 0.25 g (0.0109 moles)
of sodium metal with 15 ml of abs ethanol, and the mixture refluxed
for 4 hrs.

After cooling to room temperature, the mixture was

filtered, the salt washed with small portions of cold abs ethanol, and
the ethanol filtrate and washings evaporated , under reduced pressure
to give 4.00 g of yellow-brown oil which solidified on standing.

The

solid was broken up and dissolved in 30 ml of methylene chloride.

The

solution was filtered to remove insoluble material, then evaporated
under reduced pressure to give 2.81 g (99.0% yield) of orange oil which
soon solidified, mp 75.5-78.0°.

The analytical sample was crystallized
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once from methanol-water, with Norit treatment, and . filtration through
a Celite pad, to give a product melting at 80.0-81.0°.

Further recry-

stallization did not raise the melting point; ir (No. 1, p 279).
Anal.

Calcd for C14H2103NS:

S, 11.31.

Found:

S, 11.25

A second reaction run under the same conditions except that it
was refluxed for only 2 hrs, gave 2.60 g (91.8% yield) of the same
product.
In a third reaction, 16.7 g (0.100 moles) of 4-acetamidophenylthiophenol followed by 20 g (0.101 moles) of bromoacetaldehyde diethyl
acetal was added to a solution of sodium ethoxide made by reacting 2.3
g (0.10 moles) of sodium metal with 100 ml of abs ethanol.

The mixture

was stirred and refluxed 4 hrs, cooled to room temperature, and
filtered.

Twenty ml of water was added, the mixture cooled in ice, and

filtered.

The solid was washed with water, and air dried to give 23.4

g (82.7% yield) of product, mp 79.5-80.5°.

Work up of the mother

liquors gave an additional 3.1 g (11.0% yield) of product making the
overall yield 26.S g (93.7% yield).
Attempted preparation of 4-acetamidophenylsulfonylacetaldehyde
diethyl acetal, method A.--A mixture of 2.0 g (0.0100 moles) of 4acetamidobenzenesulfinic acid, 2.0 g (0.010 moles) of bromoacetaldehyde
diethyl acetal, and 0.40 g (0.010 moles) of sodium hydroxide in 10 ml
of 95% ethanol was refluxed for 13 hrs, cooled to room temperature, and
30 ml of water added.

An oily layer appeared on the bottom of the

mixture which proved to be branoo.cetaldehyde diethyl acetal.
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Attempted preparation of 4-acetamidophenylsulfonylacetaldehyde
diethyl acetal, method B.--A solution of sodium ethoxide, prepared by
reacting 0.23 g (0.010 moles) of sodium metal with 10 ml of abs ethanol,
was added to a mixture of 2.00 g (0.0100 moles) of 4-acetamidobenzenesulfinic acid and 2.0 g (0.010 moles) of bromoacetaldehyde diethyl
acetal.

The mixture was refluxed 13 hrs, 15 ml ethanol and 20 ml water

were added and reflux continued for 45 hrs.

After evaporation to

dryness under reduced pressure, the residue was treated with a mixture
of 10 ml of 2N sodium hydroxide, 10 ml of water and 20 ml of ether.
The ether layer was separated and the aqueous layer extracted with two
more 10 ml portions of ether.

The combined ether layers were dried

over anhydrous sodium sulfate and the ether was removed under reduced
pressure to give 0.3 g of a yellow orderless oil which could not be
induced to crystallize.

Their spectrum indicated a mixture and the

product was not investigated further.
Attempted preparation of 4-acetamidophenylsulfonylacetaldehyde
diethyl acetal, method C.--A 2.0 g (0.010 moles) sample of 4-acetamidobenzenesulfinic acid followed by 2.0 g (0.010 moles) of branoacetaldehyde
diethyl acetal were added to a solution of sodium ethoxide prepared by
dissolving 0.23 g (0.010 moles) of sodium metal in 15 ml of abs ethanol.
The mixture was refluxed seven days, cooled, filtered, and the filtrate
evaporated to dryness under reduced pressure.
product was obtained.

None of the desired

The solid was identified as the sodium salt of

4-acetamidobenzenesulfinic acid (nearly quantitative yield) by
comparison of their with that of an authentic sample.
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Preparation of 4-acetamidophenylsulfonylacetaldehyde diethyl
acetal, method D.--A mixture of 2.00 g (0.0100 moles) of 4-acetamidobenzenesulfinic acid, 0.54 g (0.010 moles) of commercial sodium
methoxide, 2.0 g (0.010 moles) of bromoacetaldehyde diethyl acetal,
and 40 ml of dimethylsulfoxide was heated at 45-50° for 45 hrs.
mixture was poured into 100 ml of water and cooled in ice.

The

When no

solid separated, the mixture was evaporated to dryness under reduced
pressure, and the solid residue was treated with 40 ml of 2N sodium
hydroxide.

The mixture was extracted with one 20 ml portion and two

10 ml portions of ether.

The combined ether extracts were dried over

anhydrous sodium sulfate, filtered, and the ether filtrate evaporated
under reduced pressure to give 1.34 g (42.6% yield) of orange oil.

The

ir spectrum indicated that the desired product had been obtained,
however, the material could not be induced to crystallize, nor could it
be distilled without extensive decomposition.

This compound has not

yet been reported in the literature.
Preparation of 4-acetamidophenylsulfonylacetaldehyde diethyl
acetal, method E.--A 3.14 g (0.0111 moles) portion of 4-acetamidophenylthioacetaldehyde diethyl acetal was dissolved in a mixture of 40
ml of glacial acetic acid and 10 ml of water:

Two grams of potassium

permanganate was added in small portions with swirling.

After addition

was canplete, the mixture was allowed to stand for 1-1/2 hrs, then it
was decolorized with 30% hydrogen peroxide.

The mixture was poured

into 40 ml of water and the pH adjusted to seven by addition of coned
potassium hydroxide solution.

The tarry solid was filtered off,

extracted with methylene chloride, the extract dried over anhydrous
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sodium sulfate, and the solvent evaporated under reduced pressure to
give 2.7 g (72.5% yield) of orange oil.

An ir of the product was

almost identical with an ir of the product previously prepared by
method D.

The 2,4-dinitrophenylhydrazone recrystallized once from

methanol-water had a mp of 196-200°.
Attempted preparation of l-chloro-2-phenylsulfonylethyl
acetate.--Cupric chloride dihydrate (0.170 g, 0.0010 moles), and
triethylamine hydrobromide (0.268 g, 0.00~47 moles) were dissolved in
17.2 g (0.200 moles) of vinyl acetate, afrer which, 17.6 g (0.0996
moles) of benzenesulf onyl chloride was added, and the mixture refluxed
for 18 hrs.

Subsequent work up indicated little or no reaction had

occurred and none of the desired product was obtained.

A similar

reaction using trimethylamine hydrochloride in the place of triethylamine hydrobromide also failed to give any of the desired product.
Preparation of 1-(2,2-diethoxy-l-ethyl)pyridinium bromide.-A mixture of 3.94 g (0.0200 moles) of bromoacetaldehyde diethyl acetal
and 3.16 g (0.0400 moles) of pyridine was allowed to stand several days
at room temperature.

In order to test for the presence of bromide ion,

a small sample of the reaction mixture was removed, mixed with 1 ml of
water, and 1 drop of silver nitrate solution was added.
negative.

The test was

The mixture was warmed on a hot plate for a few minutes and

tested for bromide again.

The test was positive.

After standing

01ernight, bromoacetaldehyde diethyl acetal could still be detected in
the mixture.

The mixture was heated on a hot plate at 100° for 4 hrs,

after which time bromoacetaldehyde diethyl acetal could no longer be
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detected in the mixture.

The addition of a 20 ml portion of ether to

the mixture caused a brown oily layer to separate.
ice box at -20°, the oil solidified.

After cooling in an

The solid was crushed, the mixture

filtered, the solid washed with ether and dried to give 5.22 g (94.5%
yield) of product, mp 118.5-120.5°.

The analytical sample was

crystallized once from acetone with 65.8% .recovery to give a product,
mp 122.0-123.0°; ir ( No. 4, p 279).
Anal.

Calcd for C11H1302BrN:

C, 47.84; H, 6.57.

Found:

c, 47.66; H, 6.55.
Preparation of 4-toluenesulfonylacetaldehyde diethyl acetal.--A
mixture of 21.4 g (0.100 moles) of sodium 4-toluenesulfinate dihydrate,
20.0 g (0.101 moles) of bromoacetaldehyde diethyl acetal, 1.7 g (0.023
moles) of lithium carbonate, and 50 ml of N,N-dimethylformamide was
heated at 94° for 10 hrs, then refluxed for 8 hrs and cooled to room
temperature.

The mixture was filtered into 250 ml of cold water.

The

light-brown oil which separated was extracted with two 100 ml portions
of n-heptane, and two 100 ml portions of benzene.

The combined extracts

were dried over anhydrous sodium sulfate and the solvents removed to
leave 26.0 g (95.7% yield) of pale-orange oil.
periods of time failed to cause crystallization.
was also unsuccessful.

Cooling in ice for long
Vacuum distillation

Their and nmr spectra indicated that the

desired product had been obtained; a thin-layer chranatogram and the
nmr spectrum indicated that only one component was present.

Starting

materials could not be detected by thin-layer, gas chromatography, nmr,
or sodium fusion.

Thin-layer chromatography of the prcx:luct run on

microscope slides coated with silica gel G, developed with the solvent
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indicated, and visualized with iodine vapor gave the following Rf
values:

Chloroform 0.57; ethyl acetate, 0.82.

nmr (neat) 87.86-7.35

(m, 4, aranatic protons), 4.99 (t, l, methine proton), 3.52-3.18 (q,
superimposed on ad, 6, methylene protons), 2.37 (s, 3, aromatic methyl)
and 1.00 (t, 6, 2 methyl groups).

Analytical data were not obtained

for this compound.
Attempted preparation of 4-toluenesulfonylacetaldehyde.--A
mixture of 50 g (0.117 moles of hydrogen ion) of Dowex 50w-x8 cation
exchange resin, 2.7 g (0.0100 moles) of 4-toluenesulfonylacetaldehyde
diethyl acetal dissolved in 150 ml of 95% ethanol, and 75 ml of water
was stirred at roan temperature for 45 hrs.

From time to time, aliquots

were removed and analyzed by thin-layer chromatography.
occurred after 45 hrs.

No reaction had

The ion exchange resin was removed, washed with

95% ethanol, water, then eluted with 2 1. of 2N sulfuric acid, and
washed with water until the washings were neutral to litmus.

The resin

was added back to the reaction mixture, and the mixture was stirred for
52 hrs at room temperature.

Thin- layer chranatography analys1s run on

aliquots of the reaction mixture after 18 hrs and 52 hrs indicated that ·
no reaction had taken place.

The volume of the mixture was reduced to

25 ml on the flash evaporator, the mixture was extracted with three 40
ml portions of benzene, the canbined extracts dried over anhydrous
sodium sulfate, and evaporated under reduced pressure to give 2.6 g
(96.4% recovery) of starting material which was identified by ir
spectrum and thin-layer chromatography.
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Preparation of phenylsulfonylacetaldehyde diethyl acetal.--A
mixture of 24.6 g (0.150 moles) of sodium benzenesulfinate, 30.0 g
(0.152 moles) of bromoacetaldehyde diethyl acetal, 2.5 g (0.034 moles)
of lithium carbonate, and 50 ml of N,N-dimethylformamide was maintained
at 100° for 10 hrs then refluxed for 9 more hrs and cooled to room
temperature.

The mixture was filtered into 250 ml of water, extracted

with one 200 ml portion and three 100 ml portions of benzene.

The

combined extracts were treated with Norit, dried over anhydrrus sodium
sulfate, and evaporated under reduced pressure to give 33.5 g (86.6%
yield) of light-brown oil.
product was obtained.

Their spectrum indicated that the desired

Gas chromatography and thin-layer chranatography

indicated that the product was not contaminated with starting material
or solvents.

The product did not distill at 0.05 torr, pot temp 210° .

•

The product could not be induced to crystallize neat or in several solvents even at dry-ice temperatures.

The nmr spectrum indicates that the

crude product is impure and contains about 60-70% of the desired product.
Thin-layer chromatography of the product run on microscope slides coated
with silica gel G, developed with the solvent indicated, and visualized
with iodine vapor gave the following Rf values:

Chloroform, 0.39-major

spot, 0.31-minor spot, 0.18-minor spot, 0.00-minor spot; ethyl acetate,
0.89-major spot, 0,78-minor spot, and 0.43-minor spot.

This is a new can-

pound which has not yet been fully characterized.
Preparation of 2-nitrophenylthio-2-propanone. 194 , 195 --Toe carbontetrachloride was flashed off of a (0.200 mole) portion of a previously

prepared 2-nitrobenzenesulfenyl chloride solution. 189

The residue was

taken up in 400 ml of acetonitrile, 58.1 g (1.00 moles) of reagent grade
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acetone added, and the mixture refluxed for 1 hr.

After standing over-

night at room temperature, the solvents were removed under reduced
pressure to give a yellow solid which was crystallized from ethanolwater.

Yield 32.7 g (77.8% yield), mp 79.5-80.0° (lit. 195 mp 81-82°).
Preparation of l-phenylsulfonyl-2-propanone. 196 , 197 --A mixture

of 9.2 g (0.099 moles) of 1-chloro-2-propanone, 16.4 g (0.100 moles) of
sodium benzenesulfinate, and 50 ml of abs ethanol was stirred and refluxed for 1-1/2 hrs.

A 25 ml portion of abs ethanol was added, the

mixture filtered, the salt washed with ether-ethanol, and the canbined
filtrate and washings evaporated under reduced pressure to give 17.6 g
(89.4% yield) of light-colored solid.

The product was recrystallized

from ethanol-water with 83.0% recovery to give 14.6 of material, mp
57° (lit. 196 mp 57°).

Preparation of l-(4-toluenesulfonyl)-2-propanone.196 __ A
mixture of 9.2 g (0.099 moles) of 1-chloro-2-propanone, 21.4 g (0.100
moles) of sodium 4-toluenesulfinate dihydrate, and 50 ml of abs ethanol
was stirred and refluxed for 1-1/2 hrs.

The solvents were removed under

reduced pressure, the residue treated with 50 ml of water, extracted
with two 50 ml portions of chloroform, the extracts treated with Norit,
filtered, dried over anhydrous sodium sulfate, and evaporated under
reduced pressure to give 19.4 g (92.0% yield) of a light-brown oil which
gradually crystallized.

The product was recrystallized fran 95%

ethanol-water at -10° with 84.4% recovery to give 16.4 g of beautiful
colorless needles, mp 53.5° (lit. 195 mp 52°).
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Preparation of 1-(acetonyl)pyridinium chloride.--A mixture of
0.92 g (0.0099 moles) of l-chloro-2-propanone and 1.60 g (0.0202 moles)
of pyridine was allowed to stand at room temperature a few min, the
solid mass of crystals broken up and 10 ml of acetone added.

The

mixture was cooled in ice, filtered, the solid rinsed with 5 ml of
anhydrrus ether and dried in an oven at 65° to give 1.48 g (86.6%
yield) of white solid, mp 208.0° (lit. mp not reported).
Preparation of a-(2-nitrophenylthio)acetophenone. 194 , 195 --Five
reactions were run according to the following procedure:

A solution of

2-nitrobenzenesulfenyl chloride in carbon tetrachloride was prepared
from 31 g (0.10 moles) of 2,2'-dinitrophenyldisulfide according to the
Organic Syntheses procedure. 189

The solution was made up to 200 ml

with carbon tetrachloride and 40 ml (0.0200 moles) aliquots placed in
each of five round bottom flasks.

The solvent was removed under

reduced pressure on the flash evaporator and the residues dissolved in
reagent grade acetonitrile.

A portion of freshly distilled aceto-

phenone was added to each of the flasks and then refluxed for 1 hr.

The

volumes of reactions 1 and 2 were adjusted to 40 ml by evaporating
solvent under reduced pressure.

The hot mixtures were transferred to

250 ml Erlenmeyer flasks, SO ml of methanol added and the mixtures
cooled overnight in an ice bath.
products dried in air.
summarized in Table XIX.

The mixtures were filtered and the

The results along with the quantities used are
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TABLE XIX
TI-IE EFFECT OF CONCENTRATION AND MOLAR RATIOS
OF REACTANTS ON TI-IE PERCENTAGE YIELD OF
2-(2'-NITROPHENYLTI-fIO)ACETOPHENONE
Volume of
%
Solvent
Yield
In ml

Reaction

Moles of
Acetophenone
(A)

Moles of 2-Nitrobenzenesulfenyl
Chloride (B)

Ratio
of A/B

1

0.200

0.040

5

80

88.1

2

0.120

0.040

3

80 ·

86.7

3

0.120

0.040

3

40

83.5

4

0.060

0.040

1.5

40

82.2

5

0.040

0.040

1

40

76.7

The mp of the crude product fran reaction 3 was 141.5-143.0° (lit.

mp 147° 193 or 145-146° 194 ).

Attempted preparation of a-(2-nitrophenylsulfonyl)acetophenone.

195

--A 4.0 g (0.0147 moles) sample of a-(2-nitrophenylthio)-

acetophenone was suspended in a mixture of 40 ml acetic acid and 10
ml acetic anhydride.

The mixture was heated to 80° and 30 ml of 30%

hydrogen peroxide added.

After addition was complete, the mixture

was maintained at 80° for 30 min, then cooled, and the solvents
removed under reduced pressure to give a yellow oily residue which was
taken up in hot 95% ethanol.

Water was added to the ethanol solution,

which was then cooled in a refrigerator at 10°, and filtered, the yellow
solid being dried in air to give 3.4 g of product, mp 119-130°.

Re-

crystallized once fran ethanol-water, mp 122-134° (lit. 195 mp 136.5137.50).
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Attempted preparation of a-(2-nitrophenylsulfonyl)acetophenone.195--a-(2-Nitrophenylthio)acetophenone (4.0 g, 0.015 moles) was
suspended in a mixture of 40 ml acetic acid and 10 ml acetic anhydride.
Ten ml of 30% hydrogen peroxide was added and the mixture allowed to
stand at room temperature for several hours.

The solid gradually

dissolved giving a clear solution from which pale-yellow needles
separated.

After cooling in ice overnight, the mixture was filtered,

and the product dried in air to give 3.55 g of material, mp 117-124°
(lit. 195 mp 136.5-137.5°).

Preparation of 2-phenylsulfonylacetophenone. 196 --Sodium benzenesulfinate (30.0 g, 0.183 moles) a-chloroacetophenone, 28.2 g (0.183
moles), and 125 ml of abs ethanol were combined in a round bottom flask
and refluxed 12 hrs.

The mixture was cooled to room temperature,

dumped into 500 ml of cold water with stirring, and placed in an ice
bath overnight.

The mixture was filtered, the solid washed with cold

water, then crystallized £ran 95% ethanol to give 40.0 g (84.2% yield)
of product, mp 92-93°.

The product was recrystallized from abs

ethanol with 90.0% recovery to give a mp of 94°.

A second recrystal-

lization from abs ethanol did not raise the mp any further (lit.

196

mp 96°).
Preparation of a-(4-toluenesulfonyl)acetophenone. 196 --A
mixture of 29.0 g (0.188 moles) of a-chloroacetophenone, 41.0 g
(0.192 moles) of sodium 4-toluenesulfinate dihydrate, and 125 ml of
abs ethanol was stirred and refluxed for 2 hrs.

The mixture was

dumped into 500 ml of cold rapidly stirred water, filtered, the tan

148
solid washed with water and dried in air to give 48.2 g (93.9% yield)
of product.

The product was recrystallized once from abs ethanol with

80.2% recovery to give a mp of 109° (lit. 196 mp 110°).

.
.
brom1. d e. 198 ' 199 -- A mixture
·
Pr eparat1on
of ph enacy 1pyr1. d.1n1um
of

4.0 g (0.020 moles) of a-bromoacetophenone and 3.2 g (0.040 moles) of
pyridine was allowed to stand overnight.

The solid was ground under

ether, filtered, extracted with boiling acetone, and dried in air to
give 5.5 g (89.6% yield) of pale-yellow product, mp 198.0-199.0°
(lit. 200 mp 198-199°).

A similar reaction starting with 19.9 g (0.100 moles) of
a-bromoacetophenone and 15.8 g (0.200 moles) of pyridine gave 27.3 g
(98.3% yield) of product, mp 196.5-198.5.
Preparation of a-(2-nitrophenylthio)-2-acetothienone.--The
solvent was removed under reduced pressure from 0.0200 moles of 2nitrobenzenesulfenyl chloride dissolved in carbon tetrachloride, prepared according to Organic Syntheses. 189

The solid was taken up in 40 ml

of reagent grade acetonitrile, 6.3 g (0.050 moles) of 2-acetylthiophene
added, the mixture refluxed for 1 hr, 50 ml of ethanol was added and
the mixture cooled in a refrigerator at 10°.

The mixture was filtered

and the product dried in air to give 2.3 g (41.3% yield) of product, mp
131-133°.
Preparation of 1-(3,3-dimethyl-2-oxo-1-butyl)pyridinium
bromide.--A mixture of 1.79 g (0.0100 moles) of bromopinacolone and
1.60 g (0.0202 moles) of pyridine was allowed to stand at room temperature overnight.

The solid was ground up under 10 ml of acetone, the
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mixture filtered, and the solid dried to give 2.37 g (91.8% yield) of
pale-orange product, mp 201-202°.

The analytical sample was crystal-

lized once from acetone with 43.1% recovery to give a product, mp
205.0-205.3°; ir (No. 5, p 280).
Anal.

Calcd for

51.01; H, 6.12.

c11 H16oBrN:

C, 51.17; H, 6.25.

Found:

C,

Preparation of 1-(carbethoxymethyl)pyridinium chloride.--A
mixture of 1.23 g (0.0100 moles) of ethyl a-chloroacetate and 1.60 g
(0.020 moles) of pyridine was allowed to stand overnight at room
temperature.

A pale-yellow oil separated, which solidified on standing

in an ice box at -20°.

The solid was broken up, 5 ml of acetone

added, the mixture filtered, the solid rinsed with ice cold anhydrous
ether and air dried to give 1.07 g (53.1% yield) of hygroscopic
solid, mp 45-72°.
Preparation of phenylthioacetonitrile. 201 --Sodium metal (11.5 g,
0.500 moles) was added to 150 ml of 99% methanol.

A 60.4 g (0.540 moles)

portion of thiophenol was added to the dissolving sodium and the
vigorous reaction moderated by cooling in an ice bath.

When the sodium

was dissolved and the mixture well cooled in ice, 37.8 g (0.504 moles)
of chloroacetonitrile was added dropwise over a period of 2 hrs to the
stirred mixture.

The mixture was stirred for 1 hr after addition was

complete, filtered, the salt washed with methanol-ether, and the
filtrate and washings evaporated under reduced pressure to give a yelloworange oil.

The oil was distilled at 1 torr and the fraction boiling

at 96-97° collected to give 69.1 g (92.6% yield) of clear colorless
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oil, mp 6.8-7.8° (lit. 201 bp 146-147° at 14 torr).
Preparation of 4-t-butylphenylthioacetonitrile. 202 --Sodium
metal, 4.6 g (0.200 moles) was added to a solution of 32.0 g (0.193
moles) of 4-t-butylthiophenol in 200 ml of abs ethanol.

When the

sodium metal had dissolved, 16.0 g (0.212 moles) of chloroacetonitrile
was added dropwise to the stirred mixture during a period of 15 min.
After addition was complete, the mixture was refluxed for 1 hr, cooled
to room temperature, filtered, the salt washed with 50 ml abs ethanol,
and the filtrate and washings evaporated under reduced pressure to give
41.2 g of brown oil.

The oil was distilled through a 22 cm Vigreux

column at a pot temp of 205-215° to give 36.5 g (92.0% yield) of a
colorless liquid, bp 132.0° at 1.3 torr (lit. 202 bp 110-112 at 1.0 torr).
Preparation of 4-t-butylphenylsulfinylacetonitrile. 202 --A
mixture of 8.20 g (0 . 0400 moles) of 4-t-butylphenylthioacetonitrile,
50 ml of water, and 7.40 g (0.0415 moles) of N-bromosuccinimide was
stirred at room temperature for 3 min; 20 ml of dioxane was then added
and the mixture stirred for 30 min.

The mixture was extracted with a

40 and then a 25 ml portion of benzene.

The combined extracts were

washed with 50 ml of water, dried over Drierite, filtered through
Celite and evaporated under reduced pressure to give 10.0 g of red oil
which was taken up in cyclohexane.

Prolonged cooling of the cyclo-

hexane solution failed to cause crystallization.

The solvent was

removed under reduced pressure to give 9.3 g (105% yield) of oily
residue which after standing many days deposited white needles.

A 10

ml portion of pentane was added, the mixture filtered, the solid washed

151
with pentane, and dried in air to give 2.09 g of product, mp 95-100°.
The material was crystallized from cyclohexane with 83.7% recovery to
give a product, mp 104-105° (lit. 202 mp 104-105°).
Preparation of phenylsulfonylacetonitrile, method A.

203

--Sodium

benzenesulfinate (1.64 g, 0.0100 moles), chloroacetonitrile, 0.9 ml
(0.014 moles), and 2 ml of abs ethanol were combined in a sealed
reaction tube and heated on a steam bath for 1-1/2 hr.

The mixture was

cooled, the solid broken up, washed with 30 ml of cold water and
dried in air to give 1.50 g (82.9% yield) of product, mp 111.0-111.5°
(lit. mp 114° 203 or 112.5-113.0°201).
A second reaction was run in which sodium benzenesulfinate
(41.1 g, 0.250 moles), chloroacetonitrile, 19.0 g (0.252 moles),
and 50 ml of abs ethanol were combined in a sealed reaction tube and
heated on a steam bath for 2 hrs.

The mixture was cooled and the

contents of the tube emptied into 750 ml of water.

The lumps of solid

were crushed and the suspension placed in a refrigerator at 10°
overnight.

The mixture was filtered, the solid washed with water, and

dried in air to give 33.2 g (73.4% yield) of product, mp 111.5-112.0°.
A sample was crystallized from ethanol-water with 97.9% recovery to

give a mp of 112° (lit. mp 114° 203 or 112.5-113.0°201).

Preparation of phenylsulfonylacetonitrile, method B.--Sodium
benzenesulfinate (1.64 g, 0.0100 moles) and chloroacetonitrile, 0.9 ml
(0.014 moles), were dissolved in 20 ml of N,N-dimethylformamide and the
mixture refluxed for 5 min.

The mixture was poured into 50 ml of

water, filtered, the solid washed with water and dried in air to give
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1.34 g (74.0% yield) of product, mp 101-109°.

A sample was recrystal-

lized from 95% ethanol with 82.8% recovery to give a mp of 112°
(lit. mp 114°203 or 112.5-113.0° 201).
Preparation of 4-acetamidophenylsulfonylacetonitrile.--A
mixture of 2.45 g (0.0111 moles) of sodium 4-acetamidobenzenesulfinate,
2 ml of abs ethanol, and 0.83 g (0.0110 moles) of chloroacetonitrile
was heated in a sealed tube on a steam bath for 1 hr.

After cooling,

the solid was pulverized under 5 ml of water, the mixture filtered,
the solid washed well with water, and dried in an oven at 70° to give
1.99 g (76.0% yield) of product, mp 265.0° dee.

The analytical sample

was recrystallized from N,N-dimethylformamide-water with 95.0% recovery
to give a product, mp 264.5°; ir (No. 2, p 279).
Anal.

Calcd for C10H1003N2S:

C, 50.42; H, 4.23.

Found:

C, 50.29; H, 4.23.
A second reaction run exactly as above except that 2.80 g
(0.0127 moles) of sodium 4-acetamidobenzenesulfinate was used, gave
2.29 g (87.4% yield) of product, mp 264.5°.
A third reaction run exactly as the first except that 18.0 g
(0.0915 moles) of sodium 4-acetamidobenzenesulfinate, 15 ml of abs
ethanol, and 6.04 g (0.0800 moles) of chloroacetonitrile were used,
and the resulting solid broken up under 40 ml of water, gave 12.4 g
(65.2% yield) of product, mp 264.0-264.5°.
Preparation of 4-toluenesulfonylacetonitrile. 203 --A 4.3 g
(0.020 moles) portion of sodium 4-toluenesulfinate dihydrate was
placed in a tube, moistened with 2 ml of abs ethanol, 1.5 g
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(0.020 moles) of chloroacetonitrile added, the tube sealed and heated on
a steam bath for 2 hrs.

The mixture was cooled, the solid mass broken

up, washed well with water, and dried in air to give 3.86 g (99.0% yield)
of product.

The product was crystallized once fran ethanol-water with

86.4% recovery to give beautiful colorless needles, mp 150.0-150.5°
(lit. 203 mp 145-146°).

Preparation of 4-nitrophenylsulfonylacetonittile.--A mixture
of 2.45 g (0.0117 moles) of sodium 4-nitrobenzenesulfinate, 2 ml of abs
ethanol, and 0.83 g (0.011 moles) of chloroacetonitrile was heated in
a sealed tube on a steam bath for 2 hrs.

After cooling to room temp-

erature, the tube was opened, the contents crushed and mixed with 5 ml
of water, filtered, the solid washed with .water, and dried in an oven at

70° to give 1.55 g (62.0% yield) of product, mp 167.5-168.0°.

The

analytical sample was crystallized once fran methanol-water with 86.7%
recovery to give a product melting at 169.5-170.5°; ir (No. 3, p 279).
Anal.

Calcd for C3H604N2S:

C, 42.49; H, 2.67.

Found:

C, 42.27; H, 2.75.

Attempted preparation of 1-(cyanomethylpyridinium

chloride. 189 , 199 --A mixture of 15.0 g (0.199 moles) of chloroacetonitrile and 15.8 g (0.200 moles) of pyridine was allowed to stand at
room temperature for 30 min.
was warmed on a hot plate.

When no reaction took place the mixture
When the mixture began to turn dark it was

placed on a steam bath for 30 min then cooled.

The mixture had becane

a black sticky tar and none of the desired product could be isolated.
Another reaction using the same quantities of starting
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materials was run in the same manner except that the warming on the hot
plate was omitted.

Again the mixture yielded only black sticky tar

and none of the desired product was obtained.
Preparation of 1-(cyanomethyl)-pyridinium chloride, method
A.--A mixture of 15.1 g (0.200 moles) of chloroacetonitrile and 32.0 g
(0.405 moles) of pyridine was allowed to stand at room temperature
overnight.

The tan solid was ground up with 100 ml of acetone, the

mixture filtered, the solid washed well with acetone, and dried in
an oven at 70° to give 12.7 g (41.1% yield) of prcxluct, mp 176.5177.00.

Evaporation of the mother liquors and addition of acetone

followed by ice cooling and filtration resulted in an additional
14.0 g (45.3% yield) of product, mp 175.5-176.0°.
(86.4% yield).

Total yield 26.7 g

A small sample was recrystallized £ran abs ethanol

with 74.4% recovery to give a product, mp 178.0-178.5° (lit. 198 , 199
mp 178-179°).
In a second reaction, a mixture of 75.5 g (1.00 moles) of
chloroacetonitrile and 157 g (1.99 moles) of pyridine was allowed to
stand several days at room temperature.

The solid was ground in a

mortar with 100 ml of acetone, the mixture filtered, the solid washed
with an additional 100 ml of acetone, and the solid dried in an oven at
65° to give 152.7 g (99.7% yield) of product, mp 174.0-175.5°
(lit. 198 , 199 mp 178-179°).

Preparation of 1-(cyanomethyl)pyridinium chloride, method B.-A mixture of 15.3 (0.203 moles) of chloroacetonitrile, 17.3 g (0.219
moles) of pyridine, and 50 ml of acetone was stirred and refluxed for
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3 hrs.

The mixture was evaporated to dryness under reduced pressure,

the residue taken up in 100 ml of hot ethanol, treated with Norit,
filtered through a Celite pad, and cooled in an ice box at -20°.

The

mixture was filtered, the product rinsed with a little acetone, and
dried in an oven at 65° to give 3.58 g (11.4% yield) of product,

mp 175.0-176.5° (lit. 198 , 199 mp 178-179°).

Attempted preparation of 2-chloro-3-phenylsulfonylpropionitrile.--Triethylamine hydrochloride (0.202 g, 0.00147 moles) and
cupric chloride dihydrate (0.170 g, 0.000998 moles) was dissolved in
10.6 g (0.200 moles) of acrylonitrile, then 17.6 g (0.0996 moles) of
benzenesulfonyl chloride added and the mixture refluxed for 26 hrs.
Periodic analysis of samples of the mixture by ir indicated that no
reaction was taking place and the reaction was discontinued.
Another reaction using the same quantities of starting materials
except that the catalyst was composed of 0.412 g (0.00296 moles) of
trimethylamine hydrochloride, 0.0085 g (0.0010 moles) of cupric chloride
dihydrate, and 0.0050 g (0.0010 moles) of cuprous chloride gave only
a slight hint of reaction upon ir analysis of the mixture after 18 hrs
of refluxing.

After 35 hrs of refluxing, 25 ml of methanol was added

to the hot mixture and the mixture cooled in the refrigerator over the
weekend.

No product was obtained.
Attempted preparation of 2-chloro-3-phenylsulfonyl propio~

nitrile.--A 0.200 g (0.00947 moles) sample of freshly prepared 2-

nitrobenzenesulfenyl chloride 189 was added to a mixture of 10.6 g
(0.200 moles) of acrylonitrile and 17.6 g (0.0996 moles) of
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benzenesulfonyl chloride and the mixture refluxed for 18 hrs.

Analysis

of the mixture by ir indicated that none of the desired product was
formed.

Only polymerized acrylonitrile was obtained from the reaction.
.
. . . 1e. 204 -- Tr1·
Preparation
of 2-chloro-3-p h enylsul f ony 1prop1on1tr1

ethylamine hydrochloride, 0.412 g (0.00296 moles), and cupric chloride
dihydrate, 0.340 g (0.00199 moles), were dissolved in 21.2 g (0.400
moles) of freshly distilled acrylonitrile, 35.2 g (0.199 moles) of
benzenesulfonyl chloride were added and the mixture refluxed.

After

about 24 hrs ir analysis of the mixture indicated that no reaction had
taken place; a small crystal of 2,4-dinitrobenzenesulfenyl chloride was
added and reflux continued.

After a total of 46 hrs reflux, ir analysis

indicated about a 50% reaction.

A few milligrams of cuprous chloride

was added and reflux continued for a total of 65 hrs.

Fifty-five ml of

methanol was added to the dark-brown mixture while hot and cooled in
the refrigerator at 10°.

The mixture was filtered, the solid washed

with methanol, and dried in air to give 9.0 g of product, mp 84-85°.
After one recrystallization from aqueous ethanol the mp was 84.5-85.5°.
An nmr spectrum of the material indicated that it was a mixture of the
desired product and 3-phenylsulfonylacrylonitrile.
88-91°, 205 72-75°, 206 or 105-106° 207 , 208 )

(lit. mp 104-105° 204

Activated Methine Intermediates

Preparation of 3-(2-nitrophenylthio)-2,4-pentanedione. 194 , 195 -The solvent was removed under reduced pressure fran a 0.200 mole

solution of 2-nitrobenzenesulfenyl chloride in carbon tetrachloride. 189

The residue was taken up in 400 ml of reagent grade acetonitrile, 60.0 g
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(0.600 moles) of freshly distilled 2,4-pentanedione was added and the
mixture refluxed 1 hr.

The solvent and excess 2,4-pentanedione were

removed at reduced pressure and the residue crystallized from a mixture
of 50 ml acetonitrile and 250 ml 95% ethanol, to give 46.0 g (91.2%

yield) of product, mp 139.0-140.0° (lit. mp 141.5-142.5° 195 or 1361370194).
Preparation of 2-(2-nitrophenylthio)-l,3-diphenyl-l,3-

propanedione.194--The solvent was removed under reduced pressure from
a,

0.100 mole solution of 2-nitrobenzenesulfenyl chloride in carbon

tetrachloride. 189

The residue was taken up in 100 ml of reagent grade

acetonitrile, heated to reflux, 28 g (0.121 moles) of l,3-diphenyl-1,3propanedione dissolved in 100 ml of acetonitrile added dropwise, and
the mixture refluxed for 30 min after addition was complete.

The

acetonitrile was removed under reduced pressure and the residue
crystallized from a mixture of 75 ml acetonitrile and 100 ml of 95%
ethanol to give 35.7 g (94.6% yield) of light-yellow product, mp

146.5-147.8° (lit. 194 mp 149-159.5°).
,

Preparation of ethyl 2-(2-nitrophenylthio)-2-cyanoacetate.--The
solvent was removed under reduced pressure from 0.0200 moles of 2-

nitrobenzenesulfenyl chloride dissolved in carbon tetrachloride. 189
The residue was taken up in 40 ml of reagent grade acetonitrile, 11.3 g
(0.200 moles) of reagent grade ethyl cyanoacetate added, and the
mixture refluxed for 3 hrs.

The mixture was allowed to stand overnight,

the solvent was removed under reduced pressure, and the residue
crystallized from a mixture of 50 ml ethanol and 20 ml water, to give
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1.1 g (20.7% yield) of yellow product, mp 191-193.
Preparation of 2-nitrophenylthiomalononitrile.--The solvent was
removed under reduced pressure from 0.0200 moles of 2-nitrobenzenesulfenyl chloride dissolved in carbon tetrachloride. 18 9 The residue
was taken up in 40 ml of reagent grade acetonitrile, 3.3 g (0.050 moles)
'

of malononitrile added, and the mixture refluxed for 2-1/2 hrs.

After

standing overnight, the solvent was removed under reduced pressure, and
the brown oily residue crystallized fran 100 ml of 95% ethanol to give
2.7 g (61.8% yield) of product, mp 138° dee.
Preparation of 1-(1-oxo-1-phenyl-2-propyl)pyridinium bromide.-A mixture of 1.60 g (0.020 moles) of pyridine and 2.13 g (0.0100 moles)
of 2-bromopropiophenone was allowed to stand at room temperature over
the weekend.

The resulting solid was pulverized under 10 ml of acetone,

the mixture filtered, the solid washed with anhydrrus ether, and dried
in an oven at 65°C to give 2.79 g (95.6% yield) of white solid, mp
160-161° (lit. mp not reported); ir (No. 6, p 280).
Miscellaneous Intermediates
Preparation of 1-brano-3,3-dimethyl-2-butanone.--1-Brano-3,3dimethyl-2-butanone was prepared by William R. Dixon according to the

method of Boyer and Straw. 209

This method was patterned after the

general method of Hill and Kropa. 210

Preparation of phenylglyoxal hydrate. 211 --Seleniurn dioxide
was prepared by dehydrating selenious acid.

A 5.6 g (0.050 moles)

sample of selenium dioxide was dissolved in a mixture of 30 ml of
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dioxane and 1 ml of water.

When solution was complete, 6.0 g (0.050

moles) of acetophenone was added, and the mixture stirred and refluxed
for 4 hrs.

After standing at room temperature overnight, the mixture

was filtered, and the filtrate evaporated under reduced pressure to give
an oily residue, which was distilled.

The distilate was dissolved in a

minimum amount of boiling water and the solution cooled in the
refrigerator at 10° overnight.

The mixture was filtered and the solid

dried to give 4.1 g (54% yield) of white product.

The material was

recrystallized from water with 79% recovery to give a product, mp 80-

830, (lit. 211 mp 73 or 91°).

Preparation of benzamidine hydrochloride. 212 --Hydrogen chloride
gas (112 g, 3.07 moles) dried over coned sulfuric acid was passed into
a solution of 206 g (2.00 moles) of benzonitrile in 100 g (2.18 moles)
of abs ethanol and the mixture allowed to stand overnight.
was broken up, pulverized and transferred to another flask.

The solid
An ice

cold solution of 85.0 g (5.00 moles) of ammonia in 555 g of abs
ethanol was added to the solid in small portions.

The mixture was

cooled in an ice bath, stirred vigorously for 24 hrs, then allowed to
stand for 48 hrs.

The mixture was filtered, the white solid washed

with small portions of abs ethanol.

The filtrate and washings were

evaporated under reduced pressure to give an oil which gradually
solidified.

The solids were combined in a Waring blender with 500 ml

of ice cold abs ether, the mixture filtered and the process repeated
with another 500 ml portion of ether.

The solid was dried in air to

give 286 g (91.5% yield) of product, mp 168.7-169.4° (lit. 213 mp 169°).
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Preparation of S-methylisothiouronium iodide. 214 -- Freshly
powdered thiourea (7.6 g 0.10 moles) was moistened with 5 ml of abs
ethanol and 22.8 g (0.16 moles) of iodomethane added.

After standing

at room temperature overnight the solid was grrund up under 20 ml
of ether and the mixture filtered.

The solid was washed well with

ether and dried in an oven at 70° to give 21.4 g (98.3% yield) of

product, mp 117° (lit. 214 mp 117°).

Preparation of the benzamidine salt of mesoxalonitrile

oxime. 182 --small portions of 46.6 g (0.231 moles) of powdered

mesoxalonitrile oxime silver salt was added to a stirred solution of
31.4 g (0.200 moles) of benzamidine hydrochloride in 200 ml of 99%
methanol.

Stirring was continued for 3 hrs after addition was canplete.

The mixture was filtered through a Celite pad and the filtrate
evaporated under .reduced pressure to give 46.0 g (107% yield) of
yellow product.

Recrystallization of the product once from ethyl

acetate gave 30.6 g (71.2% yield) of yellow solid, mp 150-151° (lit. 182
mp 151-152°).
Preparation of the S-methylisothiouronium salt of mesoxalo-

nitrile oxime. 182 --The powdered silver salt of mesoxalonitrile oxime
(22.0 g, 0.109 moles) was added in small portions to a rapidly stirred
solution of 21.0 g (0.0964 moles) of S-methylisothiouronium iodide in
100 ml of methanol.

After addition was complete, stirring was con-

tinued for two hrs, the mixture was filtered through a Celite pad, and
the solvent was removed under reduced pressure to give 18.6 (104%
yield) or orange solid.

A small sample was crystallized from ethyl
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acetate-ether to give a mp of 122° (lit. 182 mp 125° dee).
Preparation of the acetarnidine salt of rnesoxolonitrile oxirne. 182
--Small portions of 20.0 g (0.147 moles) powdered rnesoxalonitrile oxirne
silver salt were added to a stirred solution of 12.3 g (0.130 moles) of
acetarnidine hydrochloride in 130 ml of methanol.

After addition was

complete the mixture was stirred for two hrs, filtered through a Celite
pad, and the filtrate evaporated under reduced pressure to give 21.8 g
(110% yield) of yellow solid.

A sample was recrystallized fran ethyl

acetate with 73.0% recovery to give a product, mp 141-142° (lit. 182
mp 141-142°).

215 -- A
. ·1 e· oxirne.
·
.
Prepara t ion
of t h e si·1 versa 1tof rnesoxa 1on1tr1

solution of 200 g (2.90 moles) of sodium nitrite dissolved in 300 ml
of water was added dropwise to an ice cooled solution of 100 g (1.51
moles) of rnalononitrile in 300 ml of 50% acetic acid.

After standing

overnight, the mixture was stirred vigorously and a solution of 260 g
(1.53 moles) of silver nitrate in 600 ml of water was added dropwise.

The mixture was filtered, the solid suspended in 500 ml of water and
the resulting mixture filtered again.

The yellow solid was sucked

as dry as possible with the aid of a rubber darn, then dried in air
to give 300 g (98.2% yield) of bright-yellow product.
Another reaction using 5.00 g (0.0757 moles) of rnalononitrile
in 15 ml of acetic acid, 10 g (0.1512 moles) of sodium nitrite in 15
ml of water, and 25.7 g (0.1512 moles) of silver nitrate in 20 ml of
water gave 18.8 g (123% yield) of yellow product.
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Preparation of the potassium salt of mesoxalonitrile oxime. 182
--A solution of 32.0 g (0.193 moles) of potassium iodide in 300 ml of
methanol was added dropwise to a stirred suspension of 40 g (0.198
moles) of the silver salt of mesoxalonitrile oxime in 200 ml of methanol.
The mixture was stirred 1 hr, filtered thrrugh a celite pad, and the
filtrate evaporated to dryness under reduced pressure to give 24.1 g

(94.4% yield) of yellow product, mp 206-208° dee (lit. 182 mp 211-212°).
Another reaction starting with 19.0 g (0.0942 moles) of the

silver salt of mesoxalonitrile oxime, suspended in 100 ml of 99%
methanol and 15.2 g (0.0915 moles) of potassium iodide dissolved in
150 ml of 99% methanol gave 12.1 g (99.3%) of product.
Preparation of 2,4,6-tribromoaniline. 216 --A solution of 527 g
(3.30 moles) of bromine in 360 ml of glacial acetic acid was added to
100 g (1.07 moles) of aniline and 400 g of glacial acetic acid
contained in a one 1. beaker cooled in ice.

After standing overnight,

the mixture was poured into two 1. of cold water, the mixture filtered,
the solid washed with two 1. of cold water, then sucked as dry as
possible with the aid of a rubber dam, and dried in an oven at 70° to
give 350 g (98.8% yield) of product, mp 121.5-122.0°.

A small sample

crystallized once from ethanol gave a mp of 120.0-120.5° (lit. mp
1220217 or 1200216).
Preparation of l,3,5-tribranobenzene. 218 --A five 1. flask was
charged with 300 g (0.910 moles) of 2,4,6-tribranoo.niline, 1800 ml
of 95% ethanol and 450 ml of benzene and the solids brrught into
solution by warming on a steam bath.

Coned sulfuric acid (159 g, 156

163
moles) was carefully added in portions followed by swirling of the
mixture.

After addition was complete the mixture was refluxed until

the evolution of nitrogen ceased.

Work up of a 1 ml aliquot and ir

analysis of the product indicated only a 50% reaction.

An additional

103 g of coned sulfuric acid and 70 g of sodium nitrite were added
to the mixture which was then refluxed overnight.

The mixture was

cooled in ice, filtered, and the solid washed well with water.

The

solid was then dissolved in a mixture of 3500 ml of 95% ethanol and
500 ml of benzene, 75 g of Norit added, the mixture refluxed for 3
hrs, and filtered while hot.

The filtrate was reduced in volume on

a hot plate until crystallization began to take place, then cooled in
a refrigerator at 10°.

The mixture was filtered and the solid dried

in air to give 187 g (65.3% yield) of beautiful colorless needles,

mp 121° (lit. mp 122° 218 or 121.5-122.5° 219 ).

Preparation of 1,3,5-tris(4-acetamidophenylthio)benzene.

220

--

A mixture of 1.05 g (0.00333 moles) of 1,3,5- triaminobenzene, 1.67 g
(0.0100 moles) of 4-acetamidothiophenol, 0.53 g (0.00371 moles) of
cuprous oxide, 4.05 g of quinoline and 0.33 g of pyridine was refluxed
for 5 hrs, then poured into 10 ml of ice cold coned hydrochloric acid.
The black tar was ground up with the acid and the mixture was filtered
to give 4.31 g of solid.

The solid was powdered and extracted with

100 ml of boiling isopropyl alcohol.

Evaporation of the extract gave

0.88 g (46.2% yield) of pale-yellow solid, mp 179-183°.

This product

was identical with a product prepared by the trimerization of 4acetamidophenylthioacetaldehyde; ir (No. 7, p 280).
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Preparation of potassium ethyl xanthate. 221 --A two 1. round
bottom flask was charged with 168 g (3.00 moles) of potassium hydroxide
pellets and 480 g (10.43 moles) of abs ethanol.

The mixture was

refluxed for 1 hr, cooled to room temp, and filtered.

Carbon disulfide

(228 g, 3 ..08 moles) was added in small portions with vigorous shaking.
After addition was complete, the mixture was cooled in ice, filtered, a
and the solid washed with 200 ml of ether followed by 100 ml of abs
ether.

The cake was broken up and dried over silica gel in a vacuum

desiccator to give 292 g (61.0% yield) of product.
Preparation of ethyl S-(4-carboxyphenyl)xanthate. 222 --4Aminobenzoic acid (48.0 g, 0.350 moles) was suspended in 360 ml of
2N hydrochloric acid and cooled to 0° in a crushed ice-ammonium
chloride slush bath.

The suspension was diazotized by the dropwise

addition of 25.0 g (0.362 moles) of sodium nitrite dissolved in 100
ml of water.

The diazonium suspension was added in portions through

a separatory funnel to a warm solution (70°) of 60.0 g (0.375 moles)
of potassium ethyl xanthate in 200 ml of water.

The mixture was stirred

vigorously and the temperature maintained at 65-67° during the addition.
After addition was complete the mixture was heated to 95° for a few
minutes, then cooled to room temperature.

After cooling in a

refrigerator at 10° overnight, the mixture was filtered, the solid
washed well with water, and dried in an oven at 90° for 1 day.

Yield

55.0 g (65.1% yield).
Preparation of 4-4'~dithiobisbenzoic acid. 223 --A solution of
sodium disulfide was prepared by the addition of 34.0 g (1.06 moles) of
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powdered sulfur to a warm solution of 260 g (1.08 moles) of sodium
sulfide nonahydrate in 290 ml of water.

A solution of diazotized 4-

aminobenzoic acid was prepared by dissolving 137 g (1.00 moles) of
4-aminobenzoic acid in 200 ml of coned hydrochloric acid, cooling to
below 5°, and adding dropwise a solution of 69.0 g (1.00 moles) of
sodium nitrite in 280 ml of water in such a manner that the temperature was kept below 5°.

The sodium disulfide solution was

stirred and cooled to 0° and the diazonium solution was added over the
period of 30 min in such a manner that the temperature was kept below
5°.

After the addition was complete, the mixture was allowed to warm

to room temperature.

After standing overnight at room temperature,

the mixture was made acid to conga red paper by the addition of 180 ml
of coned hydrochloric acid and the mixture filtered.

The cake was

' digested in three 1. of warm 10% sodium carbonate solution, the mixture
treated with Nuchar, filtered, and the filtrate made acid to congo
red paper by the addition of 370 ml of coned hydrochloric acid.

After

cooling the mixture overnight in a refrigerator at 10°, the mixture
was filtered and the solid prcxiuct dried for several days in an oven
at 90° to give 158 g (103% yield) of prcxiuct, mp >310° (lit. mp

315-320° 215 or 327-330° 31 6).

.
. ac1"d . 217 -- A so 1ut1on
.
Preparation
of 4-mercapto b enzo1c
of
diazotized 4-aminobenzoic acid was prepared by adding a solution of
68.5 g (0.500 moles) of 4-aminobenzoic acid, 21.0 g (0.526 moles) of
sodium hydroxide and 34.5 g (0.500 moles) of sodium nitrite in 600
ml of water to a cold mixture of 140 ml of coned hydrochloric and
180 g of ice contained in a two 1. beaker.

During the addition, the
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mixture was stirred and the temperature maintained at 0-5° by cooling
in an ice bath.

After addition was complete, the mixture was stirred

for 30 min then neutralized by the addition of solid potassium acetate.
The diazonium mixture was poured in a thin stream into a four 1.
beaker containing 232 g (1.45 moles) of potassium ethyl xanthate and
725 ml of water heated to 75-80°.

The mixture was cooled to room

temperature, acidified to pH 3 by the addition of coned hydrochloric
acid, filtered, and the brown solid dissolved in 365 ml of 10% sodium
hydroxide.

The resulting solution was heated on a steam bath for 2

hrs, 45.0 g of sodium hydrosulfite was added, the temperature maintained
at 80° for 10 min, the hot solution filtered and cooled to room temperature.

The solution was then acidified to pH 4.5 by the addition

of coned hydrochloric acid, filtered, and the solid sucked as dry as
possible with, the aid of a rubber dam.

The solid was slurried with

80 ml of methanol, extracted with 1500 ml of isopropyl ether, the
ether layer dried over anhydrous magnesium sulfate, and evaporated to
dryness to give 27.6 g (35.8% yield) of product, mp 190-195° (lit.

mp 218-220°, 225 216-217°, 223 or 219° 226 ).

Preparation of adamantane-1-thioi. 227 --Adamantane-l-thiol was

prepared by Leon Pahler according to the method of Geigy. 227

The

product was obtained in 44% yield and recrystallized from methanol.

The

mp was 137-140°.
Attempted preparation of 4-nitrobenzenesulfinic acid, method
A. 228 --A solution of 12.0 g (0.174 moles) of sodium nitrite in 65 ml of
water was added dropwise to a stirred solution of 20.0 g (0.145 moles)
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of 4-nitroaniline in a mixture of 400 ml of water, 55 ml of coned
phosphoric acid, and 55 ml of coned sulfuric acid at 0°.

After

addition_was complete, 55 ml of coned phosphoric acid was added and
the mixture saturated with sulfur dioxide (60 g, 1.30 moles).

The

mixture was transferred to a three 1. beaker in a freezing ice-salt
mixture, and 80.0 g (0.288 moles) of freshly powdered ferrous sulfate
heptahydrate was added, followed by 125 g (1.99 moles) of degreased
copper powder.

Nitrogen was not evolved and after 20 min the mixture

was allowed to warm to room temperature.

Nitrogen was still not

evolved and after 3 hours, the mixture was filtered and the solid dried.
The solid was extracted with a 50-50 mixture of acetone-chloroform.
Evaporation of the solvent gave none of the desired product nor could
sulfinate ion be detected by the Smiles test.
Preparation of 4-nitrobenzenesulfinic acid, method B. 229 , 230 -A 500 ml Erlynmeyer flask was charged with 20.0 g (0.0900 moles) of
4-nitrobenzenesulfonyl chloride, 25.0 g (0.199 moles) of sodium sulfite,
and 100 g of ice.

The mixture was shaken vigorously until the components

were well mixed and a slush resulted.

The mixture was then allowed to

stand in an ice bath for 6 hrs with occassional shaking and addition of
33% sodium hydroxide solution to maintain the pH between 6 and 8.

After

6 hrs, the mixture was filtered and the solid washed with cold water.
The combined filtrate and washings were then acidified to pH 1 by the
dropwise addition of cold coned sulfuric acid.

After cooling in ice,

the mixture was filtered, the solid washed with water, and dried in air
to give 12.9 g (76.6% yield) of white solid, mp >175° (lit.
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mp 133-134°, 231 136° dec, 232 120°

233

).

The product was however, soluble

in base and gave a positive Smiles test.
A similar reaction starting with 54.3 g (0.244 moles) of 4nitrobenzenesulfonyl chloride, 68.0 g (0.540 moles) of sodium sulfite,
and 270 g of ice gave 29.1 g (63.8% -yield) of product.

A sample

contained in a capillary appeared to melt momentarily at 134° (lit.
233
mp 133-134 °, 231 136° dee, 232 or 120°
) then immediately resolidified .
Upon continued heating above 134° the waxy solid slowly turned dark but
did not melt.
Preparation of 4-nitrobenzenesulfinic acid, method

c. 228 , 234 --

Sodium sulfite (13.0 g, 0.103 moles) was dissolved in 160 ml of water
and heated to 65°.

4-Nitrobenzenesulfonyl chloride (20.0 g, 0.0900

moles) was added in small portions with shaking and addition of 50%
sodium hydroxide to maintain the pH at 7.

When addition of sodium

hydroxide was no longer necessary to maintain the pH at 7, the mixture
was cooled in ice, filtered, and the filtrate acidified to pH 1 by the
dropwise addition of cold coned sulfuric a : id.

The mixture was filtered

the solid washed with cold dil sulfuric acid, and dried in air to give
4.0 g (23.7% yield) of white solid.

The product was identical to that

previously obtained by method B.
.
.
f"inate. 235 --A solution
.
Preparation
of sod'ium 4-nitrobenzenesul
of 0.60 g (0.015 moles) of sodium hydroxide in 10 ml of water was
added to a stirred suspension of 2.5 g (0.013 moles) of 4-nitrobenzene
sulfinic acid in 10 ml of water.

The solution was filtered, the solvent

remO\Ted under reduced pressure, and the residue treated with abs ethanol.
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The mixture was filtered and the solid dried to give 2.5 g (89.5% yield)
of product.
Another reaction starting with 29.0 g (0.155 moles) of 4-nitrobenzenesulfinic acid suspended in 120 ml of water and 6.40 g (0.160
moles) of sodium hydroxide dissolved in 120 ml of water gave 27.8 g
(85 . 8% yield) of product.
Preparation of sodium 4-acetamidobenzenesulfinate. 235 --A
solution of 14.3 g (0.357 moles) of sodium hydroxide in 57 ml of
water was added to a stirred suspension of 70.3 g (0.353 moles) of
4-acetamidobenzenesulfinic acid in 140 ml of water.

The solution

was filtered through a Celite pad and the filtrate evaporated to give
a solid residue which was ground up with 50 ml of ethanol and 50 ml
of water.

The resulting mixture was cooled in ice for 1 hr, filtered,

the solid washed with abs ethanol, and dried in an oven at 70° to
give 72.5 g (94.3% yield) of product.
6-Thiopteridines
2-Amino-6-thio-4(3H)-pteridinones
Attempted preparations of 2-amino-6-(4-acetamidophenylthio)4(3H)-pteridinone.--A mixture of 1.55 g (10.0 mmoles) of 2,6-diamino5-nitroso-4(3H)-pyrimidinone, 2.83 g (10.0 mmoles) of 4-acetamidophenylthioacetaldehyde diethyl acetal, 60 ml of glacial acetic acid, and 1
drop of coned hydrochloric acid was stirred and refluxed for 14 hrs.
The mixture was cooled and filtered, the pink solid was washed with
acetic acid and dried to give 1.3 g (83.8% recovery) of starting
material (2,6-diamino-5-nitroso-4(3H)-pyrimidinone, identified by the
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color and their spectrum).

The filtrate was treated with 250 ml of

water and 20 ml of 2N hydrochloric acid.

The mixture was filtered

and the black tar was washed and dried to give 1.82 g (95.5% yield)
of l,3,5-tris(4-acetamidophenylthio)benzene.

The product was

identified by melting point and comparison of their spectrum with
that of an authentic sample prepared by a different method.

Re-

crystallization of the product from methanol gave a melting point of
178-180°.

Two additional recrystallizations from acetic acid-water

gave melting points of 181-183°, and 183.5~185.0°, respectively.
A second reaction mixture using the same amounts of starting
materials as above, was heated at 180° in a sealed tube for 15 hrs.
Work up gave a quantitative recovery of 2,6-diamino-5-nitroso-4(3H)pyrimidinone and 1.15 g (60.3% yield) of l,3,S-tris(4-acetamidophenylthio)benzene.
A third reaction was run using the same amrunts of starting
materials except that SO ml of 90% formic acid was used as the solvent
instead of 60 ml of acetic acid.

The mixture was refluxed 11 hrs and

work up gave 0.97 g (62.6% recovery) of 2,6-diamino-5-nitroso-4(3H)pyrimidine and 1.57 g (81.8% yield) of l,3,S-tris(4-acetamidophenylthio)benzene.
The starting materials plus a drop of coned hydrochloric acid
were also fused together in the absence of solvent at 180° for 15 min.
Again, only the starting 2,6-diamino-5-nitroso-4(3H)-pyrimidine and
l,3,S-tris(4-acetamidophenylthio)benzene were recovered.
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4-Amino-6-thio-2-phenylpteridines
Attempted preparation of 4-amino-7-methyl-6-(2-nitrophenylthio)-2-phenylpteridine.--In attempting to prepare 4-amino-7-methyl6-(2-nitrophenylthio)-2-phenylpteridine, a large number of reactions
were run under a variety of conditions.

In several cases, paper

chromatography of the reaction mixtures or products isolated from the
reaction mixtures revealed the presence of fluorescent compounds.

The

desired product, however, was never isolated and in general no pure
products other than starting materials were obtained fran these
mixtures.
All of the reactions were run using the same amounts of
starting materials and worked up in a similar manner.
reaction is described below.

A typical

The results of this reaction and the

others run in this series are summarized in Table XX.
Aw.arm solution of 0.50 g (10.2 mmoles) of sodium cyanide
in 5 ml of water was added to stirred solution of 1.00 g (4.66 mmoles)
of 4,6-diamino-2-phenyl-5-nitrosopyrimidine and 2.50 g (9.88 mmoles)
of 3-(2-nitrophenylthio)-2,4-pentanedione in 50 ml of refluxing
ethanol.

The mixture was refluxed for 12 hrs, cooled to room temp-

erature, and concentrated to 25 ml.
material was precipitated.

Ether was added and green starting

The mixture was evaporated to dryness under

reduced pressure, the solid residue taken up in 20 ml of hot N,Ndimethylformamide, and 50 ml of water added.

The mixture was cooled

in ice, filtered, and the yellow-green solid dried to give 1.65 g of
product.

The 1.65 g of solid was extracted with chloroform and the

olive green insoluble portion dissolved in 40 ml of hot SN acetic acid.

172

TABLE XX
CONDITIONS FOR THE ATTEMPTED PREPARATIONS OF 4-AMIN0-7-METHYL6-(2-NlTROPHENYLTHI0)-2-PHENYLPTERIDINE BY THE REACTION
OF 4,6-DIAMIN0-5-NITROS0-2-PHENYLPYRIMIDINE
AND 3-(2-NITROPHENYLTHI0)-2,4-PENTANEDIONE
Reaction
Number

Catalyst

Solvent

Reaction
Time

Unreacted
Starting
Materiala

1

Sodium Cyanide

Ethanol

10 min

yes

2

Sodium Cyanide

Ethanol

1 hr

yes

3,-

Sodium Cyanide

Ethanol

hr

yes

4

Potassium Acetate

Butanol

8 hr

yes

5

Potassium Acetate

Butanol

12 hr

yes

6

Potassium Acetate

Butanol

14 hr

yes

7

Potassium Acetate

Butanol

34 hr

yes

8

Potassium Acetate

Butanol

80 hr

yes

9

Sodium Ethoxide

Ethanol

14 hr

yes

10

Sodium Ethoxide

Ethanol

35 hr

11

Sodium Acetate

DMF

30 min

12

Sodium Acetate

DMF

13

Sodium Acetate

14

13

no

yes

hr

no

Acetic Acid

14 hr

yes

Sodium Acetate

Acetic Acid

24 hr

yes

15

Sodium Acetate

Acetic Acid

44 hr

no

16

Hydrochloric Acid

Acetic Acid

14 hr

yes

17

Hydrochloric Acid

Acetic Acid

24 hr

yes

18

Hydrochloric Acid

Acetic Acid

44 hr

no

2

aunreacted 4,6-diamino-5-nitroso-2-phenylpyrimidine was either
present in the reaction mixture or the products.
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The acetic acid solution was cooled in ice, filtered, and made basic by
the addition of coned ammonium hydroxide.

The mixture was filtered,

the green solid was washed and dried to give 0.50 g of material which
was identified as 4,6-diamino-2-phenyl-5-nitrosopyrimidine by their
spectrum, the uv spectrum and paper chrcmatography.
Attempted preparation of 4-amino-2,7-diphenyl-6-(2-nitrophenylthio)pteridine.--A solution of 0.50 g (10.2 mmoles) of sodium cyanide
in 5 ml of water was added to a stirred solution of 1.00 g (4.66 mmoles)
of 4,6-diamino-5-nitroso-2-phenylpyrimidine and 3.50 g (9.28 mmoles)
of 1,3~diphenyl-2-(2-nitrophenylthio)-1,3-propanedione in 50 ml of
refluxing ethanol.

The mixture was refluxed for 18 hrs, cooled to room

temperature, and the solvent removed under reduced pressure to give a
brown oily residue.

The odor of ethyl benzoate was noted.

The residue

was treated with 20 ml of N,N-dimethylformamide, cooled in ice, filtered,
and the solid air-dried to give 1.1 g of pale-yellowish solid which was
identified as sodium benzoate by their spectrum.

The filtrate was

evaporated to dryness under reduced pressure, the residue was taken up
in acetic acid and neutralized by addition of coned ammonium hydroxide.
The gummy glob was removed and treated with chloroform.

The solid

dissolved giving a brown solution and a small amount of insoluble brown
residue (pteridine?) which was not investigated further.
2,4,7-Triamino-6-thiopteridines
A total of nineteen new 2,4,7-triamino-6-thiopteridines and the
corresponding 4-acetamido derivatives were prepared during the course
of this research.

Eight different methods (A-H) were used in the
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preparation or attempted preparation of the pteridine ring system.
Four of these methods gave 4-acetamido-2,7-diamino-6-thiopteridines as
intermediates.

Nine different methods (A-I) were used in the hydrolysis

or attempted hydrolysis of the acylated intermediates to the desired
2,4,7-triamino-6-thiopteridines.

Each of the methods used in the

preparation, attempted preparation or hydrolysis of acylated intermediates is illustrated by a specific example.

A total of ninety-

seven reactions were run in preparing this series of compounds and the
methods, reaction conditions, and percentage yields are summarized in
Table XXI.

The recrystallization solvents, percentage recovery on

recrystallization, melting points and analytical data for the 2,4,7triamino-6-thiopteridines are listed in Table XXII.

The uv data, an

index to ir spectra and the paper chromatography Rf values are listed
in Table XXIII.
Attempted preparation of 2,4,7-triamino-6-phenylthiopteridine,
method A.--A solution of 0.098 g (1.00 rnrnoles) of potassium acetate
in 2 ml of hot abs ethanol was added to a stirred mixture of 0.119 g
(0.500 rnrnoles) of 2-amino-4,6-diacetamido-5-nitrosopyrimidine and
0.149 g (1. 00 mm oles) of phenylthioacetonitrile in 10 ml of refluxing
abs ethanol.

After refluxing 3 hrs, the mixture was still blue-green

in color, indicating unreacted starting material.

Paper chromatography

of the mixture in solvent systems A, B, and C indicated that no
significant reaction had taken place and the experiment was discontinued.
Attempted preparation of 2,4,7-triamino-6-phenylthiopteridine,
method B.--The procedure was the same as in method A except that 0.049 g
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0
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V

II

III

10.2

5.00

5 min

41.1

65

G

0.205 30 min

93 .o

38.2

64

2-aminophenyl-

G

66

4-acetamidophenyl-

G

2.16

1.01

0.530

2 min

60.8

67

G

0.322 30 min

100

60.8

68

4-t-butylphenyl-

G

2.18

1.00

0.545

15 min

61.7

69

G

0.337 .1 hr

Iji~ ;

::~: -~ 0

85.7

53.0

4-t-butylphenyl-

.70

_re

0.337 _ 1 hr

71

4-t-butylphenyl-

G

-1.00

1.00

5.00

5 min

70.0

72

I

0,350

5 min

73

4-t-butylphenyl-

G

1.03

1.02

5.00

5 min

68.4

74

G

0.339

3 hr

75

H

0.309 15 min

4-t-butylphen:y-176

benzyl-

F

2.39

0.75

0.500

18 hr

60.3

77

benzyl-

G

2.44

0.79

0.517

10 min

95.0b

benzyl80.

benzyl-

G

10.1

10.0

5.00

5 min

80.4

0

0

Inc
101

68 .4
60.3

78

C

0.492

5 min

Inc

79

G

0.492

1 hr

69.3

65.7

81

I

0.389

5 min

92.4

74.2
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TABLE XXI--Continued
"Cl
0
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(I)

::E:

z

0

i::

0

'M
.µ
(.)

co
(I)

"Cl

R

Quantities of
Reactants
(rnmoles)

0 ,--..
'M .µ
.µ ><

co
1-l
co

p..

(I)

(I)

.µ
(I)
(I)

1-l VI
i:i... · '-'

i:i:::

s

(I)

i::

•M
E-<

i::

0
•M
.µ
(.)

co

(I)
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(I)
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0

"Cl
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'M

>-

0\0

.µ
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(1)
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.µ S

u
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.µ

i::
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.

..c:
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0

(I)

::E:

z

•M .µ

0

(I)

0

i::

'M
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(.)
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>

M
M

;
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M

.µ
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(1)

0

>-.
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::i::: '-'

s

en
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'M
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'M
.µ

CO
.µ

co
;::l

(I)
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.µ

(I)

0

.µ ,--..

i:: VI
U
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(I)
M

0

O' i::.:: '-'

'M
E-<

i::

0

'M
.µ
(.)

co

(I)

i:i:::

II

III

1.05

0.539

15 min

69.1

83

G

0.372

5.00

5 min

70.4

85

I

0.310

'8
;::l

0
1-l
"Cl i:i...
M
(l)M

•M CO

>-

0\0

i::

'M

1-l
(I)

>
0

p..

(I)

.µ
VI

"Cl
M
(I)

I •M

0

~

>-

· o\O

V

V

l hr

97 .4

67 .4

5 min

94.4

66.4

IV

I

4.;

(.)

co

82

2-phenylethyl-

G

' 2, IS

84

2-phenylethyl-

G

10.1

86

1-phenylethyl-

H

2.24

1.02

0.536

30 min

51.5

87

G

0.276 15 min

87.0

44.3

88

2-propenyl-

G

2.25

1.03

0.533

15 min

57.4

89

G

0 .306 15 min

105

57.4

90

n-hexyl-

G

207

1.04

0.519

15 min

55.5

91

G

0.288 30 min

93.7

52.0

92

n-hexyl-

G

10.0

5.04

15 min

73.4

93

1-adamantyl

H

1.03

1.01

0.507

10 min

76.7

94

G

0.397

3 hrs

87.9

67.4

95

2, 3-dihydroxy-1-propyl

H

1.90

1.01

0.514

10 min

100d

96

IC

0.514 1 min

89.0

89.0

97

2-benzothiozyl

G

1.03

1.02

0.512

10 min

0

10.0

10.0

aHydrolysis of the acylated intermediate was incanplete
bThe percentage yield reported is for a crude product which is contaminated with potassium chloride.
CThe mixture was heated to 80-85° but was not refluxed.
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TABLE XXII
THE RECRYSTALLIZATION SOLVENTS, PERCENTAGE RECOVERY ON
RECRYSTALLIZATION, MELTING POINTS AND ANALYTICAL DATA
FOR 2,4,6-TRIAMIN0-6-1HIOPTERIDINES

Hi"lf N::;-rNH2

R-S

R

9X8N
NH 2

Recryst.
%
Solventa Recovery

Analytical Data

Ca led.
Found

MP

C

H

N

s

>350°

50.51
50.29

3.89
3.88

34.37
34.33

11.24
11.15

.phenyl- .

DMF + HzO
1
2

86

2-tolyl-

DMF + HzO
1
3

86

337-342° 52.16
decc
51.88

4.38
4.24

32.76
33.01

10. 71
10.87d

3-tolyl-

DMF + HzO
5
1

84

329-330° 52.16
51.91

4.38
4.32

32.76
32.72

10.71
11.05d

4-tolyl-

DMF + H20
2
1

92

>350°

t-butylphenyl-

DMF + H20
1 : 0.75

91

>350°

2-aminophenyl-

DMF

73

32. 76
33.01
56.29
56.01

5.61
5.80

28.72
28 .84

304-307° 48.00
48.07

4.03
3 .86

37.32
37.32

9.37d
9.35
10.66
10.46
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TABLE XXII--Continued

R

%
Recryst.
Solventa Recovery

MPb

Analytical Data Calcd.
Found
N
s
H
C

>350°

30.66
30.81

4-chlorophenyl-

DMF
1

+

H20
2

91

pentafluorophenyl-

DMF
1

+

H20

97

300-305° 38.40
38.44

1.61
1.57

26.13
26.33

8.54
8.46

benzyl-

DMF

+

H20
7.5

85

293-296° 52.16
51.96

4.38
4.30

32.76
32.76

10.71
10.88

1-phenylethyl

DMF

+

H20
2.5

77

286-295° 53.65
53 .18
dee

4.82
4.69

31.29
31.29

10.23
10.84d

2-phenylethyl

DMF
1

+

H20
1.5

93

302-304 ° 53.65
53.39

4.83
4.77

31.29
31.52

10.23
10.32d

n-hexyl-

DMF

+

H20
0.33

73

295-300° 49.12
dee
49.17

6.53
6.79

33.42
33.60

10.93
11.06

1
1

1

1

aThe pteridine was dissolved in the minimum amrunt of hot DMF,
then hot water was carefully added until the ratio indicated was
reached.
bAll melting points were determined on a Kofler micro hot stage.

All those compounds which melted, melted with decomposition.

cDecomposed without melting.
dBy difference.
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TAB IE XXIII
THE PAPER CHRCMATffiRAPHY, Rf VAWES lN DATA
AND INDEX TO IR SPECTRA Fffi 2,4, 7-TRIAMIN06-TI-IIOPTERIDINES

H2NXN"N~NH2

R-S

NH 2

R

Paper Chromatography a
Rf Values

lN Data
>.. max (e: max)

IR
Spectrum
No. Page

A

B

D

phenyl-

0.54

0.69

0.52

214 (39,400)b
247 (29,800)
s284 (8,500)
369 (19,270)

10

281

4-tolyl-

0.57

0.72

0.58

214 (38,600)b
248 (21,700)
s284 (8,530)
369 (17,850)

14

282

3-tolyl-

0.60

o. 74

0.60

212
249
284
369

(37 ,lOO)b
(18,420)
(8,460)
(17,470)

13

282

2-tolyl-

0.61

0.72

0.66

214 (33,900) b
249 (19,570)
s284 (8,960)
368 (16,430)

12

281

t-butylphenyl-

0.52

0.75

0.52

s260 (18,750)c
s283 (8, 700)
367 (17,200)

15

282
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TABIE XXIII--Continued

R

Paper Chromatographya
Rf Values
A

B

D

IR

UV Data
"max (e: max)

Spectrum
No. Page

2-aminophenyl-

0.72

0.63

0.76

212 (35,300)b
249 (17,230)
s282 (8,100)
365 (17,520)

16

282

4-chlorophenyl-

0.46

0.62

0.52

214 (36,400)b
249 (20,900)
s284 (8,840)
368 (17,590)

17

283

2,3,4,5,6-pentafluorophenyl0.72

0.78

0.72

214 (33,500)
259 (15,200)
s285 (7,950)
365 (17,250)

18

283

benzyl-

0.55

0.66

0.55

s241 (30,200)c
289 (7,800)
369 (17,770)

19

283

1-phenylethyl

0.57

0.48

212 (40,400)b
248 (15,710)
s283 (7,170)
363 (13 , 730)

20

283

2-phenylethyl

0.47

0.63

0.51

290 (7,130)c
370 (16,080)

21

284

n-hexyl

0.40

0.72

0.56

290 (7,620)c
369 ( 18, 150)

22

284

apaper chromatography solvent system: (A) 90% formic acid-water
(1:4), (B) pyridine-water (1:4), (D) Trifluoroacetic acid-water (1:4).
bsolution in O.lN perchloric acid prepared by dissolving the
sample in 0.86 ml of 70% perchloric acid and diluting with water.
cSolution in 4.5% formic acid prepared by dissolving the sample
in 5.0 ml of 90% formic acid then diluting with water.
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(1.0 mmoles) of sodium cyanide dissolved in 1 ml of water was used as
the condensing base.

Addition of the base, however, caused an

immediate color change fran blue to red-violet.

After 5 min reflux,

pink solid began to separate from the mixture and reflux was discontinued.

Paper chromatography of the mixture in solvent systems A, B,

and C, showed no fluorescent spots.

Thin-layer chromatography indicated

that unreacted phenylthioacetonitrile was present in the mixture.

The

mixture was evaporated to dryness under reduced pressure, the pink
residue treated with water, and the mixture was filtered.

When dry,

the pink solid weighed 0.0704 g, which would represent a 91.5% recovery
of hydrolyzed starting material.

Their spectrum, however, was not the

same as an ir spectrum of an authentic sample of 2,5,6-triamino-5nitrosopyrimidine.
Preparation of 4-acetamido-2,7-diamino-6-phenylthiopteridine,
method C.--A mixture of 0.119 g (0.500 mmoles) of 2-amino-4,6-diacetamido-5-nitrosopyrimidine, 0.149 g (1.00 mmoles) of phenylthioacetonitrile, and 0.0820 g (1.00 mmoles) of sodium acetate in 10 ml
of N,N-dimethylformamide was stirred at room temperature for 20 min,
heated at reflux for 5 min and cooled.

The solvent was removed under

reduced pressure, the residue was treated first with ether then with
water and finally acetone.

After drying, the product weighed 0.0330 g

(20.2% yield) and was identified as 4-acetamido-2,7-diamino-6-phenylthiopteridine by comparison with an authentic sample.

187
Preparation of 2,4,7-triamino-6-phenylthiopteridine, method
D.--A mixture of 0.119 g (0.500 mmoles) of 2-amino-4,6-diacetamido-5nitrosopyrimidine, 0.149 g (1.00 mmoles) of phenylthioacetonitrile,
and 0.0540 g (1.00 mmoles) of sodium methoxide, in 10 ml of dimethylsulfoxide was stirred at room temperature for 1 hr.

One g of sodium

hydroxide and 20 ml of water were added to the mixture.

The mixture

was swirled until the sodium hydroxide dissolved then allowed to stand
for several hours.

The mixture was brought to pH 6 by addition of

acetic acid, cooled in ice, and filtered.

After drying, the yellow

solid weighed 0.0830 g (68.4% yield) and was identified as 2,4,7triamino-6-phenylthiopteridine by ccmparison with an authentic sample.
Preparation of 4-acetamido-2,7-diamino-6-phenylthiopteridine,
method E.--A solution of 0.0981 g (1.00 mmoles) of potassium acetate
in 5 ml of hot abs ethanol was added to a stirred mixture of 0.119 g
(0.500 mmoles) of 2-amino-4,6-diacetarnido-5-nitrosopyrimidine, 0.155
g (1.00 mrnoles) of 1-(cyancmethyl)pyridinium chloride, and 0.220 g
(2.00 mmoles) of thiophenol in 15 ml of refluxing abs ethanol.

The

mixture was stirred and refluxed for 10 min, then cooled in ice,
filtered, and the yellow solid dried in an oven at 70° to give 0.0940
g (51.5% yield) of product, mp 254-255° dee.

The material was

identified as 4-acetamido-2,7-diamino-6-phenylthiopteridine by
comparison with an authentic sample.
Preparation of 2,4,7-triamino-6-phenylthiopteridine, method
F.--A mixture of 0.220 g (2.00 mmoles) of thiophenol and 0.0715 g
(1.79 mmoles) of sodium hydroxide dissolved in 10 ml of ethanol plus
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1 ml of water was addyd to a stirred mixture of 0.119 g (0.500 mmoles)
of 2-amino-4, 6-diacetamido-5-ni trosopyrimidine and 0 .155 g (1. 00
mmoles) of 1-(cyanomethyl)pyridinium chloride in 10 ml of refluxing
ethanol.

The mixture was refluxed for 12 hrs, cooled in ice, filtered,

and the solid dried in an oven at 70° to give 0.100 g (70.5% yield) of
yellow product, mp >301°.

The material was identified as 2,4,7-

triamino-6-phenythiopteridine by comparison with an authentic sample.
Preparation of 4-acetamido-2-amino-6-phenylthiopteridine,
method G.--A solution of 0.128 g (1.16 mmoles) of thiophenol in 20 ml of
abs ethanol was added to a dry mixture of 0.121 g (0.509 mmoles of 2amino-4,6-diacetamido-5-nitrosopyrimidine, 0.156 g (1.01 mmoles) of
1-(cyanomethyl)pyridinium chloride, and 0.0975 g (0.994 mmoles) of
potassium acetate.

The mixture was immediately heated to reflux on a

preheated hot plate, then refluxed with stirring for 5 min.

The

mixture was cooled to room temperature then cooled in ice for 3 hrs
and filtered.

The solid product was washed with 10 ml of abs ethanol

in small portions, then 10 ml of water followed by another 5 ml of
abs ethanol.

The solid was dried in an oven at 65° overnight to give

0.166 g (71.7% yield) of 4-acetamido-2,7-diamino-6-phenylthiopteridine,
mp 245° dee.

The analytical sample was recrystallized from butanol

(Norit treatment followed by filtration thrrugh a Celite pad) with
46.2% recovery; ir (No. 9, p 281).
Anal.
Found:

C,

Calcd for

c14H13 oN 7S:

51.11; H, 3.97; N, 29.91.

C, 51.36; H, 4.00; N, 29.95.
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Preparation of 4-acetamido-'2, 7-diamino-6 (I-phenyl ethyl thio) pteridine, method H.--A solution of 0.309 g (2.24 mmoles) of 1phenylethanethiol in 20 ml of abs ethanol was added to a dry mixture
of 0.126 g (0.536 mmoles) of 2-amino-4,6-diacetamido-5-nitrosopyrimidine,
0.158 g (1.02 mmoles) of 1-(cyanomethyl)pyridinium chloride, and 0.109
g (1.18 mmoles) of potassium acetate.

The mixture was immediately

heated to reflux on a pre-heated hot plate then refluxed with stirring
for 30 min.

The mixture was cooled, filtered to remove salt, and the

filtrate evaporated to dryness under reduced pressure.

The residue

was extracted with ether, then 10 ml of alcohol were added, followed
by 20 ml of water.

The mixture was then heated until all the solids

dissolved, then cooled in ice overnight, and filtered.

The solid was

washed with water and dried in an oven at 70° to give 0.0980 g (51.6%
yield) of gold colored pro:iuct.
Hydrolysis of 4-acetamido-2,7-diamino-6-phenylthiopteridine,
method A.--4-Acetamido-2-amino-6-phenylthiopteridine (0.0795 g, 0.243
mmoles) was suspended in 5 ml of 2% sodium hydroxide and stirred for
3 hrs at room temperature.

The mixture was brought to pH 5 by addition

of glacial acetic acid, cooled in ice, filtered, the solid washed with
cold water, then dried in an oven at 70° to give 0.0717 g (104% yield)
of yellow solid.

An ir spectrum of the product indicated that hydrolysis

was incomplete and the yellow solid was predominantly unreacted
starting material.
Hydrolysis of 4-acetamido-2,7-diamino-6-(2-tolylthio)pteridine, method B.--A stirred suspension of 0.0666 g (0.195 mmoles)

190
of 4-acetamido-2,7-diamino-6-(2-toluenethio)pteridine in 25 ml of
2% sodium hydroxide was boiled for 3 hrs.

Adjusted the mixture to pH

8 by the dropwise addition of glacial acetic acid.

The mixture was

cooled in ice, filtered, the solid washed with water, and dried in an
oven at 70° to give 0.0666 g (100% recovery) of starting material.
The product was identified by their spectrum.
Hydrolysis of 4-acetamido-2,7-diamino-6-phenylthiopteridine,
method C.--4-Acetamido-2-amino-6-phenylthiopteridine (0.0795 g, 0.243
mmoles) was suspended in 5 ml of 10% sodium hydroxide and boiled gently
for 5 min.

The mixture was allowed to cool, then brought to pH 5-6

by the addition of glacial acetic acid.

The mixture was then cooled

in ice, filtered, the solid washed with cold water and dried in an oven
at 70° to give 0.0705 g (102% yield) of 2,4,7-triamino-6-phenylthiopteridine.

The analytical sample was crystallized once fran N,N-

dimethylformamide-water with 85.8% recovery, mp >300~ ir (No. 10 p 281).
Anal.

S, 11.24.

Calcd for C12H 11 N7S:

Found:

C, 50.51; H, 3.89; N, 34.37;

C, 50.29; H, 3.88; N, 34.33; S, 11.15.

Hydrolysis of 4-acetamido-2,7-diamino-6-(2-tolylthio)pteridine,
method D.--A 0.0666 g (0.195 mmoles) sample of 4-acetamido-2,7-diamino6-(2-toluenethio)pteridine was dissolved in 5 ml of N,N-diethylformamide,
5 ml of 10% sodium hydroxide added and the mixture boiled for 5 min.
The mixture was cooled and the pH adjusted to 6 by the dropwise
addition of glacial acetic acid, 10 ml of water was added and the
mixture was cooled overnight in ice.

The mixture was filtered, the solid

washed with water and dried in an oven at 70° to give 0.0377 g
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(64.6% yield) of 2,4,.7-triamino-6-(2-toluenethio)pteridine.

The

product was identified by canparison with an authentic sample.
Hydrolysis of 4-acetamido-2,7-diamino-6-(2-tolylthio)pteridine,
method E.--A stirred suspension of 0.0666 g (0.195 mmoles) of 4acetamido-2,7-diamino-6-(2-toluenethio)pteridine in 5 ml of 20% sodium
hydroxide was boiled gently for 30 min.

The mixture was cooled, 5 ml

of water added, and the pH adjusted to 6 by the dropwise addition of
glacial acetic acid.

After cooling in ice, the mixture was filtered,

the solid washed with water and dried in an oven at 70° to give 0.0590
g (101% yield) of product.

An ir spectrum of the material indicated

that the product was mostly 2,4,7-triamino-6-(2-toluenethio)pteridine,
but there was also some unreacted starting material.
Hydrolysis of 4-acetamido-2,7-diamino-6-(2-tolylthio)pteridine,
method F.--A stirred suspension of 0.0666 g (0.195 mmoles) of 4acetamido-2,7-diamino-6-(2-toluenethio)pteridine in 5 ml of 33% sodium
hydroxide was boiled gently for 30 min.

The mixture was cooled, 10 ml

of water added, and the pH adjusted to 6 by the dropwise addition of
glacial acetic acid.

After cooling in ice, the mixture was filtered,

the solid washed with water, and dried in an oven at 70° to give 0.0570 g
(97. 7% yield) of product.

An

ir spectrum of the material indicated

that the product was mostly 2,4,7-triamino-6-(2-toluenethio)pteradine,
but there was still some unreacted starting material.
Hydrolysis of 4-acetamido-2,7-diamino-6-phenylthiopteridine,
method G.--A suspension of 1.10 g (3.36 mmoles) of 4-acetamido-2,7diamino-6-phenylthiopteridine in 25 ml of coned hydrochloric acid was
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stirred at room temperature for 30 min.

The material gradually dissolved

giving a deep red-orange solution fran which, solid began to precipitate
after about 7 min of stirring.

After 30 min, 25 ml of water was added,

the mixture was adjusted to pH 7 by the dropwise addition of coned
ammonium hydroxide (about 39 ml), and the mixture cooled in ice.

The

mixture was filtered, the solid was washed with 10 ml of water, then
10 ml of ethanol, and dried in an oven at 65° to give 0.959 g (100%
yield) of 2,4,7-triamino-6-phenylthiopteridine.
Hydrolysis of 4-acetamido-2,7-diamino-6-(4-tolylthio)pteridine, method H.--A solution of 1.15 g (3.38 mmoles) of 4-acetamido2,7-diamino-6-(4-tolylthio)pteridine in 15 ml of 90% formic acid was
heated just to boiling, the heating was discontinued, 10 ml of coned
!

hydiochloric acid was added, and the mixture stirred for 30 min.

The

pH of the mixture was adjusted to 7 by the dropwise addition of coned
I

ammonium hydroxide (about 60 ml), 25 ml water was added and the mixture
cooled in ice.

The mixture was filtered, the solid washed with 10 ml

of water, then 10 ml of abs ethanol and dried in an oven at 65° to
give 0.951 g (94.2% yield) of 2,4,7-triamino-6-(4-tolylthio)pteridine.
The product was identified by comparison with an authentic sample.
Hydrolysis of 4-acetamido-2,7-diamino-6-phenylthiopteridine,
method I.--A stirred suspension of 1.11 g (3.40 mmoles) of 4-acetamido2,7-diamino-6-phenylthiopteridine in 25 ml of coned hydrochloric acid
was refluxed for 5 min, then cooled and 25 ml of water added.

The pH

was adjusted to 7 by the dropwise addition of coned ammonium hydroxide
(about 25 ml).

After cooling in ice, the mixture was filtered, the
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solid washed with 10 ml of water, then 10 ml of ethanol, and dried in
an oven at 65°, to give 1.02 g of yellow solid.

Their spectrum of the

product was not the same as an ir spectrum of an authentic sample of
2,4,7-triamino-6-phenylpteridine.

The material was crystallized from 80

ml of N,N-dimethylformamide plus 425 ml of water to give 0.490 g of
2,4,7-triamino-6-phenylthiopteridine which was identical with an
authentic sample of the same material.

The filtrate from the crystal-

lization was evaporated to dryness under reduced pressure to give 0.570
g of pale-yellow solid.

The ir spectrum was different frcm that of

2,4,7-triamino-6-phenylthiopteridine.

The material was recrystallized

from water to give 0.367 g (64.4% recovery) of bright-yellow solid.
The product was soluble in acetic acid, water, and N,N-dimethylformamide;
moderately soluble in methanol, slightly soluble in ethanol, and insoluble in butanol.
Miscellaneous 6-Thiopteridines
Preparation of 4-acetamido-2-amino-7-phenyl-6-phenylthio'

pteridine.--A solution of 0.132 g (1.20 mmoles) of thiophenol in 20
ml of abs ethanol was added to a mixture of 0.117 g (0.489 mmoles) of
2-amino-4,6-diacetamido-5-nitrosopyrimidine, 0.276 g (0.993 mmoles)
of phenacylpyridinium brcmide, and 0.122 g (1.24 mmoles) of potassium
acetate and the mixture stirred and refluxed on a preheated hot plate
for 5 min.

The solvent was removed under reduced pressure and the

residue treated first with 10 ml of water then with a mixture of 5 ml
ether plus 2.5 ml ethanol, cooled in ice, and filtered.

After drying

in an oven at 65°, 0.0640 g (33.7% yield) of product was obtained.
The analytical sample was crystallized from abs ethanol with 67.7%
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recovery; ir (No. 33, p 287).
Anal.

Calcd for

61.96; H, 4.07.

c20 H16oN 6S:

C, 61.85; H, 4.15.

Found:

C,

Preparation of 4-acetamido-2-amino-7-methyl-6-phenylthiopteridine.--A solution of 0.128 g (1.17 mmoles) of thiophenol in 20 ml
of abs ethanol was added to a mixture of 0.122 g (0.513 mmoles) of 2amino-4,6-diacetamido-5-nitrosopyrimidine, 0.174 g (1.02 mmoles) of
acetonylpyridinium chloride, and 0.107 g (1.09 nimoles) of potassium
acetate and the mixture stirred and refluxed on a preheated hot plate
for 5 min.

The solvent was removed under reduced pressure and the

residue treated first with 10 ml of water then with 5 ml of ether plus
2 ml of ethanol, cooled to -20°, and filtered.

Drying the solid in an

oven at 65° gave 0.033 g (19.8% yield) of product.

The analytical

sample was crystallized from abs ethanol with 49.7% recovery; ir
(No. 34, p 287).
Anal.

Calcd for C15H140N6S:

C, 55.21; H, 4.32.

Found:

C, 55.20; H, 4.09.
Preparation of 4-acetamido-2-amino-7-t-butyl-6-phenylthiopteridine.--A solution of 0.114 g (1.04 mmoles) of thiophenol in 20 ml
of abs ethanol was added to a mixture of 0.122 g (0.511 mmoles) of
2-amino-4,6-diacetamido-5-nitrosopyrimidine, 0.260 g (1.01 mmoles) of
1-(3,3-dimethyl-2-oxo-1-butyl)pyridinium br001ide, and 0.115 g (1.17
mmoles) of potassium acetate and the mixture stirred and refluxed for
10 min.

The solvent was removed under reduced pressure and the residue

pulverized first with 10 ml of ether, filtered, then pulverized again
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with 10 ml of water, filtered, and dried in an oven at 65° to give 0.0480
g (25.6% yield) of product.

The analytical sample was crystallized

fran abs ethanol with 57.8% recovery; ir (No. 35, p 287).
Anal.
C,

Calcd for

58.70; H, 5.34.

c18 H20 oN 6S:

C, 58.68; H, 5.47.

Found:

Preparation of 4-acetamido-2-amino-6-phenylthio-7(8H)pteridinone.--A solution of 0.138 g (1.25 mmoles) of thiophenol in 20
ml of abs ethanol was added to a mixture of 0.124 g (5.19 mmoles) of
2-amino-4,6-diacetamido-5-nitrosopyrimidine, 0.210 g (1.04 mmoles)
1-(carbethoxymethyl)pyridinium chloride, and 0.130 g (1.32 mmoles) of
potassium acetate.

The mixture was stirred and refluxed for 5 min

then cooled in ice, filtered, the solid washed with a mixture of 2 ml
ether plus 4 ml alcohol, then washed with 10 ml of water in small
portions, and finally with 1 ml of ethanol.

The product was dried

in an oven at 65° to give 0.0952 g (55.8% yield) of pale-yellow
solid.
Hydrolysis of 4-acetamido-2-amino-6-phenylthio-7(8H)pteridinone.--A solution of 0.0950 g (0.298 mmoles) of 4-acetamidow-amino-6-phenylthio-7(8H)pteridinone in a mixture of 5 ml 90%
formic acid and 5 ml of coned hydrochloric acid was heated to boiling
for 1 min.

After cooling slightly, 10 ml of water was added and the pH

of the mixture was adjusted to 7 by the dropwise addition of coned
ammonium hydroxide.

The mixture was cooled in ice, filtered, the solid

washed well with water, then a little ethanol and dried in an oven at
65° to give 0.0792 g (95.7% yield, 53.4% yield two-step overall) of
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pale-yellow product.

The analytical sample was crystallized from

glacial acetic acid; ir (No. 36, p 287).
Anal.

Calcd for

c12 H10oN 6S:

N, 29.36.

Found:

N, 29.21
Attempted preparation of 2,4-diamino-6-phenylthiopteridine.-A solution of 0.121 g (1.10 mmoles) of thiophenol in 20 ml of abs
ethanol was added to a mixture of 0.121 g (0.510 mmoles) of 2-amino4,6-diacetamido-5-nitrosopyrimidine, 0.304 g (1.10 mmoles) of 1-(2,2diethoxy-1-ethyl)pyridinium bromide, 0.109 g (1.11 mmoles) of potassium
acetate.

The mixture was immediately brrught to reflux on a preheated

hot plate, then stirred and refluxed for 2 hrs.

A 10 ml portion of

coned hydrochloric acid was added, and the mixture was refluxed for 5
min.

After cooling, the mixture was evaporated to dryness under reduced

pressure, 10 ml of water was added, and the pH adjusted to 8 by the
dropwise addition of coned ammonium hydroxide.

The mixture was allowed

to stand for a few hours, then filtered, the brown solid washed with
water and dried in an oven at 65° to give 0.103 g of product.
spectrum indicated a mixture.

Their

Paper chranatography was run on the

0.103 g of solid and the reaction mixture after addition of the coned
hydrochloric acid.

Solvent systems A, B, and C were used and no

fluorescing or absorbing spots were detected in chromatograms run on
the solid product.

No pure products were isolated from this reaction.

Attempted preparation of 2,4-diamino-7-phenyl-6-phenylthiopteridine.--A solution of 0.138 g (1.25 mmoles) of thiophenol in 20 ml
of abs ethanol was added to a mixture of 0.124 g (0,523 mmoles) of
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2-amino-4,6-diacetamido-5-nitrosopyrimidine, 0.280 g (1.01 mmoles) of
potassium acetate.

The mixture was stirred and refluxed on a preheated

hot plate for 10 min, then evaporated to dryness under reduced pressure.
The solid residue was treated with 10 ml of water plus a few drops of
coned ammonium hydroxide, the mixture was cooled in ice, filtered, the
solid washed with water, and dried in an oven at 65° to give 0.109 g
of solid.

The solid was dissolved in 5 ml of boiling coned hydrochloric

acid, the resultant solution extracted with two 5 ml portions of
chloroform and the hydrochloric acid layer evaporated to dryness under
reduced pressure.

The solid residue was treated with 10 ml of water,

the mixture heated to boiling, and the pH of the mixture adjusted to 9
by the dropwise addition of coned ammonium hydroxide.

After cooling

in ic~) the mixture was filtered, the solid washed with water, and
I

dried in an oven at 65° to give 0.0135 g (7.5% yield) of product.
A similar procedure was also used in the attempted preparations
of 2,4-diamino-7-t-butyl-6-phenylthiopteridine.

Here again, the amounts

of products obtained were not sufficient for the preparation of
analytical samples.
6-Sulfonylpteridines
Attempted preparation of 2-amino-6-(4-acetarnidophenylsulfonyl)4(3H)-pteridinone.--A mixture of 1.34 g (4.26 rnrnoles) of 4-acetamidophenylsulfonylacetaldehyde diethyl acetal, 0.700 g (4.54 rnrnoles) of
2,6-diamino-5-nitroso-4(3H)-pyrimidinone, 50 ml of glacial acetic acid,
and 2 drops of coned hydrochloric acid was refluxed several hours.
After cooling, the mixture was filtered, the pink solid washed with
acetic acid, then ether, and dried in air to give 0.67 g (95.7% recovery)
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of starting 2,6-diamino-5-nitroso-4(3H)-pyrimidinone, which was
identified by their spectrum.

Water was added to the filtrate which

was then cooled in ice, filtered, and the solid dried to give 0.424 g
(44.7% yield) of what is believed to be 1,3,5-tris-(4-acetamidophenylsulfonyl)benzene.

Thin-layer chromatography was run on the product

using a 250µ thick layer of silica gel G on glass plates.

The solvent

front moved 10 cm and the plates were visualized (a blue fluorescent
spot) with ultraviolet light (2537 and 3660 A).
0

The solvent systems

used, and .the Rf values for the product were as follows:

Benzene, 0.00;

3:1 methanol-water, 0.94; isopropyl alcohol, 0.31.
Attempted preparations of 2-amino-6-(4-nitrophenylsulfonyl)-4(3H)-pteridinone, method A.--A mixture of 1.55 g (10.0 mmoles) of 2,6diamino-5-nitroso-4(3H)-pyrimidinone, 4.00 g (13.0 mmoles) of 1-chloro2-(4-nitrophenylsulfonyl)ethyl acetate, 50 ml of glacial acetic acid,
and 1 drop of coned hydrochloric acid was stirred and refluxed for 40
hrs.

The mixture was cooled, filtered, the solid was washed with 100

ml of ether and dried to give 1.55 g (100% recovery) of the starting
pyrimidine, which was identified by their spectrum.

When the ether

washings ran into the filtrate, some pale-yellow solid precipitated.
The mixture was filtered, and the solid dried to give 0.20 g of what
is believed to be 1,3,5-tris(4-nitrophenylsulfonyl)benzene.
A second reaction was run using the same quantities of starting
materials except that 50 ml of 90% formic acid was used as the solvent
and no hydrochloric acid was added.

The starting 4-amino-5-nitroso-

pyrimidine was recovered from this reaction in 82.1% yield (1.27 g).
Also isolated, was 0.32 g of pale-yellow needles recrystallized fran

I
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acetic acid, mp 179.0-180.5°.

An ir spectrum of this material was

identical with an ir spectrum of an authentic sample of 4,4'-dinitrophenyldisulfide.

The literature mp is 181° for 4,4'-dinitrophenyl-

disulfide.236
Attempted preparation of 2-amino-6-(4-nitrophenylsulfonyl)4-(3H)-pteridinone, method B.--A mixture of 1.55 g (10.0 mmoles) of
2,6-diamino-5-nitroso-4(3H)-pyrim1dinone, 3.25 g (14.0 mmoles) of 4nitrophenylsulfonylacetaldehyde, 25 ml of N,N-dimethylformamide, and
0.80 g of sodium methoxide was stirred and refluxed for 20 min.

The

mixture was filtered, and the solid dried to give 1.55 g (100%
recovery) of starting 4-amino-5-nitrosopyrimidine, identified by ir
spectrum.

The N,N-dimethylformamide filtrate was treated with 200

ml of water, filtered, the brown solid washed, and dried to give 0.73
g of brown solid which is thought to be l,3,5-tris(4-nitrophenylsulfonyl)benzene.
Attempted preparation of 2,4-diamino-6-(4-nitrophenylsulfonyl)pteridine.--A mixture of 1.00 g (6.50 mmoles) of 2,4,6-triamino-5nitrosopyrimidine, 1.50 g (27.8 mmoles) of sodium methoxide, and 50
ml of N,N-dimethylformamide was heated to reflux and stirred.

A

solution of 2.00 g (6.50 mmoles) of 1-chloro-2-(4-nitrophenylsulfonyl)ethyl acetate in 25 ml of N,N-dimethylformamide was added to the
refluxing mixture during a period of 20 min.

After the addition was

complete, the mixture was refluxed for 10 min, the mixture cooled
overnight in ice, filtered, and the solid dried to give 0.55 g
(55.0% recovery) of the starting 4-amino-5-nitrosopyrimidine.
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Treatment of the filtrate with 500 ml of water followed by filtration
gave nearly an equal quantity of additional starting 4-amino-5nitrosopyrimidine, making nearly a quantitative recovery of starting
pyrimidine.

The material was identified by ir spectrum.

Attempted preparation of 4-acetamido-2,7-diamino-6-phenylsulfonylpteridine, method A.--A mixture of 0.122 g (0.512 rnrnoles) of
2-amino-4,6-diacetamido-5-nitrosopyrimidine, 0.159 g (1.03 rnrnoles) of
sodium benzenesulfinate, 0.100 g (1.12 mmoles) of potassium acetate
and 20 ml of abs ethanol was refluxed 10 min, cooled in ice, and
filtered.

The solid was washed with 3 ml of abs ethanol, 10 ml of

water and 3 ml of abs ethanol, then dried in an oven at 65° to give
0.0750 g of product.

The filtrate and washings were evaporated to

dryness under reduced pressure.

The residue was treated with 10 ml

of coned ammonium hydroxide allowed to stand at room temperature
several days, cooled in ice, filtered, the brown solid washed with
water and dried to give 0.0097 g of solid.

These products and a sample

of the original reaction mixture were subjected to paper chranatography
in solvent systems A and B.

There was no indication that either 4-

acetamido-2,7-diamino-6-phenylsulfonylpteridine or 2,4,7-triamino-6phenylsulfonylpteridine was present in any of the products or the
reaction mixture.
Preparation of 4-acetamido-2,7-diamino-6-phenylsulfonylpteridine, method B.--A solution of 0.98 g (10.0 mmoles) of potassium
acetate in 20 ml of abs ethanol was added to a mixture of 1.19 g
(5.00 mrnoles) of 2-amino-4,6-diacetamido-5-nitrosopyrimidine and
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1.81 g (10.0 mmoles) of phenylsulfonylacetonitrile in 30 ml of refluxing
abs ethanol.

The mixture was refluxed 45 min, cooled in ice, filtered,

and the solid dried in air to give 1.03 g (58.6% yield) of 4-acetamido2,7-diamino-6-phenylsulfonylpteridine:

paper chranatography (solvent

system) (A) Rf 0.55, (B) 0.78, (C) 0.52.
Attempted preparation of 4-acetamido-2,7-diamino-6-phenylsulfonylpteridine, method C.--A mixture of 0.119 g (0.500 mmoles) of 2amino-4,6-diacetamido-5-nitrosopyrimidine, 0.181 g (1.00 mmoles) of
phenylsulfonylacetonitrile, 10 ml of acetic acid, and 1 drop of coned
hydrochloric acid was refluxed for 1 hr.

The mixture was cooled,

filtered and the solid dried to give 0.080 g of pink product.

An

ir

spectrum indicated that the material was not 2,4,6-triamino-5-nitrosopyrimidine.

The presence of unreacted phenylsulfonylacetonitrile was

detected by thin-layer chromatography.

The filtrate from the reaction

mixture was evaporated to dryness under reduced pressure and the
residue crystallized fran abs ethanol to give pure phenylsulfonylacetonitrile, mp 112° (lit. mp 114° 195 ).

An ir spectrum of the product

was identical with an ir spectrum of an authentic sample of phenylsulfonylacetonitrile.

Analysis of the reaction mixture by paper

chromatography indicated that pteridines were not formed.
Attempted preparation of 4-acetamido-2,7-diamino-6-phenylsulfonylpteridine, method D.--A solution of 0.082 g (1.00 mmoles) of
sodium acetate in 2 ml of acetic acid was added to a mixture of 0.119 g
(0.500 mmoles) of 2-amino-4,6-diacetamido-5-nitrosopyrimidine in 10 ml
of refluxing acetic acid.

The mixture was refluxed for 2 hrs, then
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worked up exactly the same as the mixture in method C.

A pink solid

was obtained which was identical with that obtained by method C and
phenylsulfonylacetonitrile, mp 112° (lit. mp 114° 195) was obtained as
in method C.

Analysis of the reaction mixture by paper chranatography

indicated that pteridines were not formed.
Preparation of 4-acetamido-2,7-diamino-6-phenylsulfonylpteridine, method E.--A solution of 0.049 g (1.00 mmoles) of sodium
cyanide in 2 ml of water, and 2 ml of ethanol was added to a mixture
of 2-amino-4,6-diacetamido-S-nitrosopyrimidine and 0.181 g (1.00
mmoles) of phenylsulfonylacetonitrile in 10 ml of refluxing ethanol.
After refluxing for 2 min the mixture was cooled in ice, filtered, and
the product dried.

Analysis of the reaction mixture and the product

by paper chromatography indicated that the desired pteridine had
been formed.
Preparation of 4-acetamido-2,7-diamino-6-phenylsulfonylpteridine, method F.--A mixture of 0.119 g (0.500 mmoles) of 2-amino4,6-diacetamido-S-nitrosopyrimidine, 0.181 g (1.00 mmoles) of phenylsulfonylacetonitrile, 0.082 g (1.00 mmoles) of sodium acetate and 10
ml of N,N-dimethylformamide was refluxed for 2 min.

Analysis of the

reaction mixture by paper chromatography indicated that the desired
product was formed.
Attempted preparation of 2,4,7-triamino-6-phenylsulfonylpteridine, method A.--A mixture of 0.181 g (1.00 mmoles) of phenylsulfonylacetonitrile, 0.077 g (0.50 mmoles) of 2,4,6-triamino-5nitrosopyrimidine, 0.082 g (1.00 mmoles) of sodium acetate, and 10
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of N,N-dimethylformamide was refluxed for 6 hrs.

The mixture was

evaporated to dryness under reduced pressure, and the residue extracted
with several portions of abs ethanol to leave 0.0387 g of solid.

Thin-

layer and paper chranatography in several solvent systems indicated
that none of the desired product was formed.
Attempted preparation of 2,4,7-triamino-6-phenylsulfonylpteridine, method B.--A solution of 0.49 g (10 mmoles) of sodium
cyanide in 5 ml of water was added to a mixture of 1.19 g (5.00 mmoles)
of 2-amino-4,6-diacetamido-5-nitrosopyrimidine and 1.81 g (10.0 mmoles)
of phenylsulfonylacetonitrile in SO ml of refluxing abs ethanol. The
mixture was refluxed for 2-1/2 min, cooled, and SO ml of coned
ammonium hydroxide added.

The mixture was stirred for 3 hrs at room

temperature, then cooled in a refrigerator at 10°.

The mixture was

filtered, the product washed with water, and dried in air to give
0.282 g of olive-green solid.

The filtrate was evaporated to dryness

under reduced pressure, treated with coned ammonium hydroxide and
filtered.
of product.

The solid was washed with water and dried to give 0.568 g
Their spectra of these products were different from the

ir spectrum of an authentic sample of 2,4,7-triamino-6-phenylsulfonylpteridine.
Hydrolysis of 4-acetamido-2,7-diamino-6-phenysulfonylpteridine.
--A suspension of 1.02 g (2.84 mmoles) of 4-acetamido-2,7-diamino-6phenylsulfonylpteridine in 20 ml of 2% sodium hydroxide was stirred for
1 hr at roan temperature.

The mixture was cooled in ice, filtered, the

solid washed with water, and dried in air to give 0.227 g of
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2,4,7-triamino-6-phenylsulfonylpteridine.

The analytical sample was

recrystallized twice from N,N-dimethylformamide-water.

uv max (4.5%

formic acid) 367 nm (21,300), 261 ruri (22,100); Paper chromatography
(solvent system) (A) Rf 0.71, (B) 0.68, (C) 0.48; ir (No. 23, p 284).
Anal.
Found:

Calcd for C12H11N702S:

C,

45.42; H, 3.49; N, 30.90.

C, 45.18; H, 3.67; N, 30.78.
Preparation of 7-amino-2,4-diacetamido-6-phenylsulfonyl-

pteridine.--A solution of 0.98 g (10 mmoles) of potassium acetate in
10 ml of hot abs ethanol was added to a mixture of 1.81 g (10.0 mmoles)
of phenylsulfonylacetofi1tr:i.le and ' 1.40 g (5.00 mmoles) of 2,4,6-triacetamido-5-nitrosopyrimidine in 40 ml of refluxing abs ethanol.

The

mixture was refluxed for 2-1/2 hrs, then cooled in ice and filtered.
The dried product weighed 0.904 g (45.0% yield).
Hydrolysis of 7-amino-2,4-diacetamido-6-phenylsulfonylpteridine.--A suspension of 0.900 g (2.25 mmoles) of 7-amino-2,4diacetamido-6-phenylsulfonylpteridine in 25 ml of coned ammonium
hydroxide was stirred for 4 hrs at room temperature.

The mixture was

filtered and the dark-brown product dried in air to give 0.285 g
(40.0% yield) of 2,4,7-triamino-6-phenylsulfonylpteridine identical
with an authentic sample.
Preparation of 4-acetamido-2,7-diamino-6-(4-tolylsulfonyl)pteridine.--A hot solution of 1.47 g (15.0 mmoles) of potassium acetate
in 10 ml of abs ethanol was added to a mixture of 2.92 g (15.0 mmoles)
of 4-toluenesulfonylacetonitrile and 2.38 g (10.0 mmoles) of 2-amino4,6-diacetamido-5-nitrosopyrimidine in 90 ml of refluxing abs ethanol.
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The mixture was refluxed for 2 hrs, cooled overnight in ice, filtered,
the solid washed with ether and dried in air to give 1.99 g (53.4%
yield) of product, mp 208-210° dee.
Hydrolysis of 4-acetamido-2,7-diamino-6-(4-tolylsulfonyl)pteridine.--A suspension of 0.800 g (2'.14 mmoles) of 4-acetamido-2,7diamino-6-(4-tolylsulfonyl)pteridine in 20 ml of coned ammonium
hydroxide was stirred for 2 hrs at room temperature.

The mixture was

cooled in ice, filtered, the solid washed with water and dried to give
0.474 g (66.7% yield) of 2,4,7-triamino-6-(4-tolylsulfonyl)pteridine.
The analytical sample was prepared by dissolving the product in dil
acetic acid and precipitating with coned ammonium hydroxide, then
dissolving in N,N-dimethylformamide and adding water, then two recrystallizations £ran N,N-dimethylformamide-methanol:

uv max

(4.5% formic acid 368 nm (21,300), 270 nm (23,200); ir (No. 24, p 284).
Anal.
Found:

Calcd for

c13 tt 13 N7o2s:

C, 47.12; H, 3.95; N, 29.59.

C, 47.44; H, 3.95; N, 29.51.
Another hydrolysis on a 0.800 g (2.14 mmoles) sample, was run

in the same manner except that 20 ml of 2% sodium hydroxide was used
instead of coned ammonium hydroxide.

This reaction gave 0.275 g

(38.9% yield) of 2,4,7-triamino-6-(4-tolylsulfonylpteridine) identical
with the product previously prepared.
Reaction of 2-amino-4,6-diacetamido-5-nitrosopyrimidine with
4-acetamidophenylsulfonylacetonitrile and hydrolysis of the products.-A solution of 0.982 g (10.0 mmoles) of potassium acetate in 10 ml of
abs ethanol was added to a stirred mixture of 1.19 g (5.00 mmoles) of
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2-amino-4,6-diacetamido-5-nitrosopyrimidine and 1.80 g (7.56 mmoles)
of 4-acetamidophenylsulfonylacetonitrile in 40 ml of refluxing abs
ethanol.

After 5 min of refluxing, 10 ml of N,N-dimethylformamide

was added and the mixture refluxed for 1 hr.

The mixture was cooled to

room temperature, filtered, the solid washed with abs ethanol, then
ether and dried to give 0.501 g of pale-yellow solid, mp 258.5-259.0°
dee.

A 0.118 g sample of this material was crystallized from 3 ml of

N,N-dimethylformamide and 20 ml of abs ethanol with 58.5% recovery to
give a melting point of 257.0° dee.
Anal.

N, 11.76.

Calcd for

Found:

c16H16N8o4s:

N, 26.92.

Calcd for

N, 23.32, and 23.19.

c10H10N2o3S:

A 0.380 g sample of the product was suspended in 7 ml of 2%
sodium hydroxide and stirred at room temperature for 4 hrs.

The solid

first dissolved, giving a clear brown solution from which solid began
to precipitate after the first hour of stirring.

The mixture was

adjusted to pH 5 by the dropwise addition of coned acetic acid, cooled
in ice, filtered and the solid dried to give 0.361 g of product.

The

filtrate from the main reaction mixture was evaporated to dryness under
reduced pressure, the residue treated with 25 ml of water, cooled in
ice, filtered, the solid washed with water and dried to give 1.70 g
of product.

An

ir spectrum of the material indicated the presence of

4-acetamidophenylsulfonylacetonitrile.

A 0.101 g sample was stirred

with 2 ml of 2% sodium hydroxide at room temperature for 1 hr.

The

pH of the mixture was adjusted to 5 by the dropwise addition of coned
acetic acid, the mixture cooled, filtered, the solid washed with water,
and dried to give 0.0765 g of product.

A 0.102 g sample of the same
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material treated similarily with 2 ml of coned ammonium hydroxide gave
0.0810 g of product.

Their spectra of these products indicate that

they are mostly recovered 4-acetamidophenylsulfonylacetonitrile.

A

sample recrystallized from N,N-dimethylformamide-water gave an ir
spectrum identical with that of an authentic sample of 4-acetamidophenylsulfonylacetonitrile.
, Attempted preparation of 4-acetamido-2-amino-7-phenyl-6-phenylsulfonylpteridine.--A hot solution of 0.98 g (10 mmoles) of potassium
acetate in 10 ml of abs ethanol was added to a mixture of 1.95 g (7.50
mmoles) of 2-phenylsulfonylacetophenone and 1.19 g (5.00 mmoles) of
2-amino-4,6-diacetamido-5-nitrosopyrimidine in 40 ml of refluxing
abs ethanol.

The mixture was refluxed 10 min, cooled to room temp-

erature, filtered, the solid washed with ethanol-ether and dried to
give 0.497 g (35.5% yield) of product, mp 260.5-261.5°.

The material

was recrystallized from hot N,N-dimethylformamide to give a mp of 290°.
The product was identified as 4-acetamido-2-amino-7-phenylpteridine
5-oxide by comparison with an authentic sample.

A 0.345 g (1.23

mmoles) sample when stirred with coned ammonium hydroxide for 5 hrs
at room temperature give 0.301 g (96.3% yield) of product, mp >302°,
which was identified as 2,4-diamino-7-phenylpteridine 5 oxide by
comparison with an authentic sample.
Attempted preparation of 4,7-diamino-2-phenyl-6-phenylsulfonylpteridine, method A.--A mixture of 0.181 g (1.00 mmoles) of phenyl sulfonylacetonitrile, 0.108 g (0.500 mmoles) of 4,6-diamino-5-nitroso2-phenylpyrimidine, 10 ml of acetic acid, and 1 drop of coned
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hydrochloric acid was refluxed for 80 hrs.

Analysis of the mixt ure

by paper chromatography indicated that the starting 4- a~ino-5-nitros opyrimidine was still present and no pteridines had been formed.
Attempted preparation of 4, 7-diamino-2-phenyl-6-phenylsulfonylpteridine, method B. --A mixture of 0.181 g (1.00 mmoles) of phenylsulfonylacetonitrile, 0.108 g (0.500 mmoles) of 4,6-diamino-5 -nitroso2-phenylpyrimidine, 10 ml of acetic acid, and 0.082 g (1.0 mmoles) of
sodium acetate was refluxed for 80 hrs.

Analysis of the mixture by

paper chromatography indicated the presence of the starting 4-amino-5 nitrosopyrimidine.

Pteridines were not detected.

Attempted preparation of 4,7-diamino-2-phenyl-6-pheny lsulfonylpteridine, method C.--A solution of 0.049 g (1.00 mmoles) of sodium
cyanide in 1 ml of water was added to a mixture of 0.181 (1.00 mmoles)
of phenylsulfonylacet onitrile and 0.108 g (0.500 mmoles) of 4,6-diami no5-nitroso-2-phenylpyrimidine in 10 ml of refluxing 95% ethanol.

The

mixture was r efluxed .1 hr, cooled in ice, filtered, and the solid dried
to give 0.030 g of olive-green solid.

Analysis of the reaction mixture

and the solid with paper chromatography indicated that a pteridine had
been formed.

The presence of the starting 4-amino-5-nitrosopyrimidine

was also detected.

A pure compound was not isolated on attempted

purification of the 0.030 g of product.
Attempted preparation of 4,7-diamino-2-phenyl-6-phenylsulfonylpteridine, method D.--A solution of 0.098 g (1.00 mmoles) of potassium
acetate in 5 ml of abs ethanol was added to a mixture of 0.181 g
(1.00 mmoles) of phenylsulfonylacetonitrile and 0.108 g (0.500 mmoles)
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of 4,6-diacetamid o-5- nitroso-2-phenylpyrimidine in 10 ml of abs et h:,,.uoJ.
The mixture was refluxed for 66 hrs, the so lv ent r emcw·ed under reduced
pressure and the res i due recrystallized from formamide-water to give
0.164 g of brownish solid.

Paper chranatography indicated that a

pteridine was present, however, efforts to obtain a pure sample were
not successful.
Attempted preparation of 4, 7-diamino-2-phenyl-6-phenylsulfonylpteridine, method E.--A mixture of 0.181 g (1.00 mmoles) of phenylsulfonylacetonitrile, 0.108 g (0.500 mmoles) of 4,6-diamino-5-nitroso2-phenylpyrimidine, 0.082 g (1.00 mmoles) of sodium acetate, and 10 ml
of N,N-dimethylformamide was refluxed for 2 hrs.

The solvent was

removed under reduced pressure to give solid residue.

Paper chroma-

tographic analysis indicated a pteridine; however, no pure canpound
was obtained.
6-Pteridinyl Ketones
Preparation of 4-amino-7-methyl-2-phenylpteridinyl methyl
ketone.--A solution of 0.98 g (1.0 mmoles) of potassium acetate in 10 ml
of abs ethanol was added to 1.0 g (4.7 mmoles) of 4,6-diamino-2-phenyl5-nitrosopyrimidine and 1.0 g (10.mmoles) of 2,4-pentanedione in 40 ml
of abs ethanol at reflux, and refluxed 20 hrs.

After cooling over the

weekend at 10°, the reaction mixture was filtered, and the light-brown
solid was dried to give 0.87 g (70% yield) of product.

Extracting this

product with a few mls of hot 95% ethanol left 0.60 g of golden-brown
solid, mp 296.5-297.0° dee.

Thin-layer chromatography was run on the

reaction mixture using silica gel G on microscope slides and developing
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with n-propanol.

0

0

Visualization with uv light at 2537 A and 3660 A

showed two spots, a pale-blue flourescing spot at Rf 0 . 59 and a.n
absorbing spot at Rf 0.83.

An authentic sample of 4,6-dia.rni no- 2-

phenyl-5-nitrosopyrimidine run on the same thin-layer plate as ab ove
also gave a uv absorbing spot at Rf 0.83.

The filtrate fr om the

reaction mixture was refluxed for an additional 20 hrs, cool ed in t he
refrigerator overnight and filtered to give 0.30 g (20% yi eld) of
additional product.

Overall yield 1.17 g (90%).

The analyti ca l s ample

was crystallized once from acetic acid-water, mp 297.0-297.5° dee:
uv max (4.5% formic acid) s 350 nm (£16,030), 340 nm (£18,240),
s 316 nm (£14,700), 278 nm (£21,000); (methanol) 363 nm (£13,950),
285 nm (£11,370):

Paper chromatography (solvent system A):

Rf,

0.80; ir (No. 25, p 285).
Anal.

Calcd for

c15 H13 N50: N,

25.08.

Found:

N, 24.92

In a second reaction, a hot solution of 3.9 g (40 mmoles) of
potassium acetate in SO ml of abs ethanol was added to 4.0 g (19.00
mmoles) of 4,6-diamino-2-phenyl-5-nitrosopyrimidine and 4.0 g (40
mmoles) of 2,4-pentanedione in 150 ml of refluxing abs ethanol and the
mixture refluxed for 40 hrs.

After cooling in ice overnight, the

mixture was filtered and the brownish solid dried in air to give
3.07 g (59% yield) of product, mp 295-296°.

Their of this material

was identical with their of the product obtained in the previous
reaction .
Attempted preparation of 4-amino-2,7-diphenyl-6-pteridinyl
phenyl ketone.--A mixture of 1.00 g (4.66 mmoles) of 4,6-diamino-2phenyl-5-nitrosopyrimidine, 2.24 g (10.0 mmoles) of
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l,3-diphenyl-1,3-propanedione, 0.98 g (10.0 mmoles) of potassium
acetate, and 40 ml of abs ethanol was refluxed for 1 week.

The

mixture was cooled to 10° overnight, filtered, the product washed with
ether and dried in an oven to give 1.17 g (62.7% yield) of product.

In

attempting to obtain a pure sample for analysis, the product was
recrystallized from acetic acid-water, 2-propanol, n-propanol-water,
and dioxane-water.

Thin-layer chromatography, paper chromatography,

and the uv spectra always indicated a mixture of at least two compounds.
Preparation of 4-acetamido-2-amino-7-methyl-6-pteridinyl methyl
ketone.--A hot solution of 1.0 g (10 rnrnoles) of potassium acetate in
10 ml of abs ethanol was added to a mixture of 1.11 g (4.7 rnrnoles) of 2amino-4,6-diacetamido-5-nitrosopyrimidine and 1.0 g (10 rnrnoles) of
2,4-pentanedione in 25 ml of refluxing abs ethanol and the mixture
refluxed for 30 min.

After cooling in ice over the weekend, the mixture

was filtered and the tan product dried in air to give 0.70 g (58%
yield) of material, mp 236-237°.
A similar reaction starting with 5.00 g (21.0 rnrnoles) of 2amino-4,6-diacetamido-S-nitrosopyrimidine, 5.00 g (50.0 mmoles) of
2,4-pentanedione, 5.00 g (51.0 mmoles) of potassium acetate, and SO ml
of abs ethanol, refluxed 1 hr, gave 4.71 g (86.2% yield) of the same
product.
Hydrolysis of 4-acetamido-2-amino-7-methyl-6-pteridinyl methyl
ketone.--4-Acetamido-2-amino-7-methyl-6-pteridinyl methyl ketone (0.70
g, 2.7 mmoles) was suspended in 70 ml of 2% aqueous sodium hydroxide and
stirred at room temperature for 1 hr.

The tan solid first dissolved

21 2
I

and then pale-yellow material precipitated from t he brownish s o}ut ion,
The mixture was filtered, the solid washed with water, and dr ied in
air to give 0.65 g (111% yield) of crude product, mp >315°.

The product

was purified by dissolving in the minimum amount of hot glacial acetic
acid, adding water until cloudiness occurred, then cooling in ice
several hours.

The product was removed by filtration, washed wi t h

water, then ether and dried overnight in an oven at 70° to give 0.40
g (68% yield) of product.

The analytical sample was recrystallized

twice from dimethylformamide-water:

uv max

(4.5% formic acid)

s 380 nm (E8,150), s 346 nm (El0,081), 333 nm (El2,810), 261 nm
(EIS, 700); (lN NaOH) 372 nm (Ell, 170), s 305 nm (E6, 960), 274 nm
(El7,860):

Paper chromatography (solvent system):

(A) Rf 0.80,

(B) Rf 0.69, (C) Rf 0.40; ir (No. 27, p 285).
Anal.
Found:

Calcd for

c9H10N60:

C, 49.53; H, 4.62; N, 38.52

C, 49.27; H, 4.80; N, 38.46.
Hydrolysis of a 4.7 g (18.1 mmoles) sample with 135 ml of 2N

sodium hydroxide for 1-1/2 hrs at room temperature gave 2.02 g
(51.4% yield) of the same product.

The product was crystallized from

N,N-dimethylformamide-water with 78.1% recovery.
Attempted preparation of 2,4,7-triamino-6-pteridinyl methyl
ketone.--A mixture of 1.19 g (5.0 mmoles) of 2-amino-4,6-diacetamido5-nitrosopyrimidine, 1.0 g (10 mmoles) of 2,4-pentanedione, 0.50 g
(10 mmoles) of sodium cyanide, 25 ml of 95% ethanol and 5 ml of water
was placed in a round bottom flask and refluxed for 10 min.

The

mixture was cooled overnight in ice and filtered to give 0.48 g (44%
yield) of crude product.

The product was identified as
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2,4-diamino-7-methyl-6-pteridinyl methyl ketone on the bas is of ir,
uv, and paper chromatography with solvent systems A, B, and C.
Preparation of 2,4~diamino-7-phenyl-6-pteridinyl phenyl
ketone.--A solution of 0.98 g (10.0 mmoles) of potassium acetate in 10
ml of abs ethanol was added to a mixture of 1.19 g (5.00 mmoles) of 2amino-4,6-diacetamido-5-nitrosopyrimidine and 2.24 g (10.0 mmoles) of
1,3-diphenyl-1,3-propanedione in 30 ml of refluxing abs ethanol.

The

mixture was refluxed 4 hrs, evaporated to dryness under reduced
pressure, and the residue treated with 20 ml of O.lN sodium hydroxide.
The. mixture was filtered, the solid extracted with chloroform, then
dissolved in dil acetic acid.

The product was precipitated by addition

of coned ammonium hydroxide, the mixture filtered, the yellow solid
washed with water, then ether and dried in an oven at 70° to give 0.50
g (29.3% yield) of product.

The analytical sample was recrystallized

once from acetic acid-water and once from N,N-dimethylformamidewater:

uv (4.5% formic acid) 357 nm (s19,150), s 257 nm (s23,000): Paper

chromatography (solvent system):

(A) Rf 0.74, (B) Rf 0.71; ir (No. 28,

p 285).
Anal.
Found:

Calcd for C19H14N60:

C, 66.65; H, 4.12; N, 24.55.

C, 66.30; H, 3.99; N, 24.45.
Attempted preparation of 2,4,7..:.triamino-6-pteridinyl phenyl

ketone, method A.--A mixture of 1.10 g (5.00 mmoles) of 2-amino-4,6diacetamido-5-nitrosopyrimidine, 2.24 g (10.0 mmoles) of 1,3-diphenyl1,3-propanedione, 0.50 g (10.0 mmoles) of sodium cyanide, 5 ml of water,
and 30 ml of 95% ethanol was refluxed for 3 hrs.

The mixture was

cooled, filtered and the solid taken up in hot glacial acetic acid.
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The acetic acid solution was cooled, filtered to remove insoluble
material, evaporated to 5 ml under reduced pressure, heated to boiling
and water added until precipitation started.

The mixture was cooled in

ice, filtered, the solid washed with water and dried.

The product was

identified as 2,4-diamino-7-phenyl-6-pteridinyl phenyl ketone by ir, uv,
and paper chromatography in solvent systems A, B, and C.
Attempted preparation of 2,4,7-triamino-6-pteridinyl phenyl
ketone, method B.--A solution of 0.0905 g (1.390 mmoles) of potassium
cyanide in 5 ml of water was added to a stirred mixture of 0.122 g
(0.517 mmoles) of 2-amino-4,6-diacetamido-5-nitrosopyrimidine, and
0.278 g (1.00 mmoles) of phenacylpyridinium branide in 15 ml of refluxing abs ethanol.

The mixture was refluxed 15 min, cooled in ice

overnight and filtered.

The solid was washed with ethanol, then water

and dried in an oven at 65° to give 0.0410 g of yellow solid.

The

filtrate was evaporated to dryness under reduced pressure, the residue
treated with IP ml of water, filtered, and the solid dried in an oven
at 65° to give 0.0851 g of solid.

Their spectra of the solids and

paper chromatography of the solids and the reaction mixture indicated a
complex mixture of several components.
Preparation of 4-amino-7-methyl-2-phenyl-6-pteridinyl methyl
ketone thiosemicarbazone, method A.--A warm solution of 0.635 g (6.98
rnmoles) of thiosemicarbazide in 10 ml of acetic acid, plus 5 ml of
water was added to 0.557 g (2.0 mmoles) of 4-amino-7-methyl-2-phenyl6-pteridinyl ketone dissolved in 25 ml of hot glacial acetic acid
and the mixture refluxed for 5 min.

The mixture was cooled in ice,

215
filtered, the yellow solid washed with water and dr ied to gi ve 0.516
g (73.2% yield) of product.

The analytical sampl e was recrys tall i zed

twice from N,N-dimethylformamide-water:

uv max (4.5% formic acid)

369 nm (E22,100), 288 nm (E29.800); ir (No. 26, p 285).
Anal.

Calcd for

0, 2.21; S, 8.87.

Found:

c16H16N8S·H 20:

C, 53.17; H, 4.74; N, 31 . 01;

C, 53.64; H, 4.69; N, 30.91; 0, 2.57;

S, 8.19 by difference.
Pre2aration of 4-amino-7-methyl-2-phenyl-6-pteridinyl methyl
ketone thiosemicarbazone, method B.--A warm solution of 0.364 g (4.00
mmoles) of thiosemicarbazide in 5 ml of water plus 20 ml of acetic acid
was added to a hot solution of 0.557 g (2.00 mmoles) of 4-amino-7methyl-2-phenyl-6-pteridinyl methyl ketone in 25 ml of glacial acetic
acid and the mixture refluxed for 30 min.

After standing 3 hrs at

room temperature, 50 ml of water was added, the mixture cooled in ice,
and 25 ml of coned ammonium hydroxide added.

The mixture was again

cooled in ice, filtered, the solid washed with water and dried in an
oven at 70° to give 0.667 g (92.4% yield) of product identical with
that previously obtained by method A.
Preparation of 2,4-diamino-7-methyl-6-pteridinyl methyl ketone
thiosemicarbazone.--A warm solution of 0.364 g (4.00 mmoles) of thiosemicarbazide in 10 ml of water plus 10 ml of acetic acid was added to
a hot solution of 0.436 g (2.00 mmoles) of 2,4-diamino-7-methyl-6pteridinyl methyl ketone in 10 ml acetic acid plus 5 ml of water and the
mixture refluxed for 30 min.

After standing at room temperature for

2 hrs, 50 ml of water was added, the solution cooled in ice and 30 ml
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of coned ammonium hydroxide added.

The mixture was cooled in ice,

filtered, and the product dried to give 0.839 g of yellow solid.

The

solid was dissolved in boiling dimethylsulfoxide and precipitated
by the addition of 20 ml of water.

The mixture was filtered, and the

solid dried to give 0.465 g (80.0% yield) of brown solid.

A

satisfactory solvent system for crystallization of an analytical sample
was not found.

The following systems were tried:

Acetic acid, acetic

acid-water, N,N-dimethylformamide, N,N-dimethylformamide-water,
N,N-dimethylformamide-ethanol, dimethylsulfoxide, dimethylsulfoxidewater, hexamethylphosphoramide, hexamethylphosphoramide-ethanol,
hexamethylphosphoramide-water, formic acid, formic acid-water, methoxyethanol, and butanol.
Pteridine 5-oxides
Preparation of 4-acetamido-2-amino-7-phenylpteridine 5-oxide.-A solution of 2.00 g (7.20 mmoles) of phenacylpyridinium bromide in
10 ml of water was added to a refluxing mixture of 1.19 g (5.00 mmoles)
of 2-amino-4,6-diacetamido-5-nitrosopyrimidine and 0.98 g (10 mmoles)
of potassium acetate in 100 ml of abs ethanol.

The mixture was re-

fluxed 5 min, cooled in a refrigerator at 10°, filtered, the solid
washed with water, and dried to give 0.603 g (43.1% yield) of product,
mp 265.5-266.5°.

A 0.170 g sample was crystallized once fran N,N-

dimethylformamide with 83.5% recovery to give a product, mp 285-286°.
Their spectrum after crystallization fran boiling N,N-dimethylformamide
was different from their spectrum of the original product, although
the paper chromatography Rf values in systems A, B, and C were unchanged.

Paper chromatography (solvent system):

(A) Rf 0.58,
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(B) Rf 0.72, (C) Rf 0.61; ir (No. 29 and 30, p 286).
Anal.
Found:

Calcd for

c14H12 N6 02 :

C, 56.75; H, 4.08; N, 28.37.

C, 56.61; H, 4.02; N, 28.60.

A similar reaction starting with 2.78 g (10.0 mmoles) of
phenacylpyridinium bromide, 1.10 g (5.00 mmoles) of 2-amino-4,6diacetamido-5-nitrosopyrimidine and 0.98 g (10.0 mmoles) of potassium
acetate gave 0.611 g (53.6% yield) of product, mp 271.0-273.0° dee.
A 0.100 g sample was crystallized from 10 ml of hot acetic acid with
92.0% recovery to give a mp of 277-278° dee; ir (No. 31, p 286).
Hydrolysis of 4-acetamido-2-amino-7-phenylpteridine 5-oxide.-A suspension of 0.520 g (1.50 mmoles) of 4-acetamido-2-amino-7phenylpteridine 5-oxide in 10 ml of 2% sodium hydroxide was stirred for
3 hrs at room temperature.

The mixture was adjusted to pH 6 by the

dropwise addition of glacial acetic acid, heated just to boiling, cooled
in ice, and filtered.

The solid was washed with 30 ml of water and

dried in an oven at 70° to give 0.356 g (93.4% yield) 2,4-diamino-7phenylpteridine 5-oxide, mp >350°.

The analytical sample was re-

crystallized once from N,N-dimethylformamide-water:
(solvent system):
Anal.
Found:

Paper chromatography

(A) Rf 0.47, (B) 0.56, (C) Rf 0.33; ir (No. 32, p 286).

Calcd for C12HioN 60:

C, 56.68; H, 3.96; N, 33.06.

C, 56.60; H, 4.06; N, 33.30,
Preparation of 2,4-diacetamido-7-phenylpteridine 5-oxide.--A hot

solution of 0.98 g (10.0 mmoles) of potassium acetate in 10 ml of water
was added to a mixture of 1.40 g (5.00 mmoles) of 2,4,6-triacetamido5-nitrosopyrimidine and 2.78 g (10.00 mmoles) of phenacylpyridinium
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bromide in 100 ml of refluxing abs ethanol.

The mixture was stirr ed

and refluxed for 5 min, cooled in a refrigerator overnight and filtered.
The solid was washed with water then ethanol and dried in an oven at
70° to give 0.500 g (29.6% yield) of product, mp >305°.

The filtrate

was evaporated to 20 ml under reduced pressure, the mixture treated
with 50 ml of water, cooled in the refrigerator, and filtered.

The

solid was washed with water and dried in an oven at 70° to give 0.459 g
of solid.

Their spectrum indicated that the material was a mixture

and contained at least some of the same product as the 0.500 g
previously obtained.
Attempted preparation and hydrolysis of 4-acetamido-2,7-diaminopteridine 5-oxide.--A hot solution of 0.981 g (10.0 mmoles) of
potassium acetate in 15 ml of abs ethanol was added to a stirred mixture
of 1.19 g (5.00 mmoles) of 2-amino-4,6-diacetamido-5-nitrosopyrimidine
and 1.55 g (10.0 mmoles) of 1-(cyanomethyl)pyridinium chloride in 50
ml of refluxing abs ethanol.

The mixture was refluxed for 30 min,

cooled in an ice box overnight at -20°, filtered, the solid washed
with water, then acetone-ether and dried in an oven at 70° to give
0.976 g (83.5% yield) of product.

A 0.100 g (0.425 mmoles) sample was

suspended in 5 ml of 2% sodium hydroxide and stirred for 1 hr at room
temperature.

The mixture was adjusted to pH 6 by the dropwise addition

of coned acetic acid, cooled in ice and filtered.

The solid was

washed well with water and dried in an oven at 70° to give 0.0723 g of
solid.

Their spectra of both products show a cyano band at 2240 cm- 1 .
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Prepa!a!iEn and hydrolysis of 4-acetamido-2-amino-7(8H)...=_
pteridinone 5-oxide.--A mixture of 0.121 g (0.508 mmoles) of 2-amino4,6-diacetamido-5-nitrosopyrimidine, 0.205 g (1.02 mrnoles) of 1(carbethoxymethyl)pyridinium chloride, 0.115 g (1.17 mmoles) of
potassium acetate and 20 ml of abs ethanol was stirred and refluxed
for 10 min, cooled in ice, and filtered.

The solid was washed with 5

ml of abs ethanol, 10 ml of water, then 5 ml of abs ethanol and dried
in an oven at 65° to give 0.0996 g (73.7% yield) of product.

A

solution in N,N-dimethylformamide displayed an intense blue-white
fluorescence in the uv.

The product (0.0880 g, 0.373 mrnoles) was

suspended in 5 ml of coned ammonium hydroxide and stirred for 4 hrs
at room temperature.

The mixture was adjusted to pH 7 by the dropwise

addition of coned acetic acid, 5 ml of water was added, the mixture
cooled in ice, and filtered.

The solid was washed well with water,

then a little abs ethanol and dried in an oven at 65° to give 0.0738
g (100% yield) of product.

The product was dissolved in a mixture

of 2 ml coned hydrochloric acid plus 3 ml of 90% formic acid then
precipitated by adjusting the pH to 8 by addition of coned ammonium
hydroxide.

The recovery was 61.7%.

Upon attempting to recrystallize

the product from 5 ml of 90% formic acid, plus 10 ml of water, a jellylike material formed which could not be re-dissolved upon heating, nor
could it be precipitated by addition of coned ammonium hydroxide.
Attempted preQaration,of 4-acetamido-2-aminG-7-methylpteridine
5-oxide and 4-acetamido-2-amino-7-t-butylpteridine 5-oxide.--The
preparation of 4-acetamido-2-amino-7-methylpteridine 5-oxide and 4acetamido-2-amino-7-t-butylpteridine 5-oxide was attempted on the same
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scale and in the same manner as the previous reaction.

Although

fluorescent products were obtained, the yields were so low that the
products were not further investigated.
Miscellaneous Pteridines
Attempted preparation of 4-amino-2,7-diphenylpteridine,
method A.--A hot solution of 0.49 g (5.0 mmoles) of potassium acetate
in 10 ml of abs ethanol was added _to a mixture of 0.500 g (2.30 mmoles)
of 4,6-diarnino-5-nitroso-2-phenylpyrimidine and 0.56 g (4.7 mmoles) of
acetophenone in 20 ml of refluxing abs ethanol.

The mixture was

refluxed for 19 hrs, evaporated to dryness, the residue washed with
ether, then water, and finally ether-ethanol to give 0.47 g (94.0%
recovery) of 4,6-diamino-5-nitroso-2-phenylpyrimidine, mp 240° dee
(lit. mp 243-244° 182 ).

Their spectrum of the product was identical

with their spectrum of an authentic sample.
Attempted preparation of 4-arnino-2,7-diphenylpteridine,
method B.--A mixture of 0.50 g (2.3 runoles) of 4,6-diamino-5-nitroso-2phenylpyrimidine and 10.3 g (86.0 mmoles) of acetophenone was refluxed
for 5 hrs using a trap to separate water from the acetophenone-water
azeotrope.

The acetophenone was evaporated under reduced pressure

to give a solid residue which was crystallized from N,N-dimethylformarnide-water to give a mixture of yellow solid, plus starting
material.
Another reaction run by method B was refluxed for 20 hrs and gave
a brownish product which had much less starting arnino-nitrosopyrimidine
in it.

A pure sample of the desired product, however, was not obtained
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from the solid residue after work-up.
Preparation of 4-amino-2,7-diphenylpteridine, method

c. 159 --

A solution of 0.616 g (4.05 mmoles) of phenylglyoxal hydrate in 2 ml
of 95% ethanol was added to a solution of 0.600 g (2.99 mmoles) of
2-phenyl-4,5,6-triaminopyrimidine in 10 ml of 95% ethanol.

A solution

of 0.392 g (3.99 mmoles) of potassium acetate in a mixture of 0.46
ml of acetic acid and 3 ml of water was added to the above mixture
and the resulting mixture stirred and heated almost to boiling for 30
min.

After cooling, the mixture was filtered, the solid washed with a

little cold aqueous ethanol, followed by cold ether-ethanol, and dried
to give 0.813 g (90.8% yield) of product, mp 252-253° (lit. 1 59 mp
252-253°).

A small sample was crystallized from N,N-dimethylformamide

to give pale-yellow needles:

uv max (4.5% formic acid) 370 nm (E26,200),

360 nm (E26,600), 311 nm (d2,300), s 274 nm (E22,600), 254 nm (E24, 700),
(methanol) 362 nm (El4,970), s 315 nm (E9,380), 284 nm (E28,000),
249 nm (E23,200), 239 nm (E20,200).
Attempted preparation of 2,4-diamino-6-methylpteridine.--A
solution of 2.0 g (13 mmoles) of 2,4,6-triamino-5-nitrosopyrimidine in
100 ml of N,N-dimethylformamide was refluxed a fe~ min then cooled,
0.65 g (24 mmoles) of sodium methoxide was added, followed by 2.0 g
(34 mmoles) of propionaldehyde and the mixture was refluxed for 1 hr.
After cooling in ice, the mixture was poured into 300 ml of ether, the
resulting mixture was filtered and the solid dried to give 1.0 g of
brownish-red solid, which was mostly starting material.
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Attempted preparation of 2,4-diacetamido-6-methylpteridine.--A
mixture of 1.4 g (5.0 mmoles) of 2,4,6-triacetamido-5-nitrosopyrimidine,
1.2 g (21 mmoles) of propionaldehyde and 10 ml of N,N-dimethylformamide
was refluxed for 4 hrs.

The mixture was cooled and poured into 200 ml

of ether and the resultant mixture filtered.
give 1.08 g of brown solid.

The solid was dried to

Their spectrum indicated at least 50%

unreacted starting material.
Atte~ted preparation of 8-acetamido-2,6-diaminothioazolo[S,4g]pteridine, method A.--A mixture of 0.123 g (5.16 mmoles) of 2-amino4,6-diacetamido-5-nitrosopyrimidine, 0.156 g (1.00 mmoles) of 1-(cyanomethyl)pyridinium chloride, and 0.0976 g (1.01 mmoles) of potassium
thiocyanate in 20 ml of abs ethanol was stirred and refluxed for
2 hrs.

After cooling in ice, the mixture was filtered, the solid

washed with water, then ethanol, and dried in an oven at 65° to give
O. 0200 g of product.

The filtrate was evaporated to dryness under

reduced pressure, the residue treated with 10 ml of water and the
mixture filtered.

The solid was washed with water then ethanol and

dried in an oven at 65° to give 0.0340 g of product.

Their spectra

of these products indicate they are mixtures.
Atte!!!J)ted preparation of 8-acetamido-2,6-diaminothioazolo[5,4g]pteridine, method B.--A mixture of 0.130 g (0.546 mmoles) of 2-amino4,6-diacetamido-5-nitrosopyrimidine, 0.158 g (1.02 mmoles) of 1-(cyanomethyl)pyridinium chloride, 0.109 g (1.12 mmoles) of potassium
thiocyanate, and 0.116 g (1.18 mmoles) of potassium acetate in 20 ml
of abs ethanol was stirred and refluxed for 5 min.

After cooling in

223
ice, the mixture was filtered, the solid washed with a little water
then ethanol and dried in an oven at 65° to give 0.0520 g of product.
Their spectrum again indicated a complex mixture.

IV.

DISCUSSION

The Structure of Acylated 4-Amino-5-nitrosopyrimidines
Highly colored C-nitroso-compounds have been the fascination
and delight of chemists for nearly a hundred years.

The structure of

these compounds and the relationship of the structure to color,
however, is not clear in all cases even yet, particularly when the
possibility of tautanerism exists.

The nitrosopyrimidines used as

intermediates in many of the reactions reported in this dissertation
serve as excellent examples.
Only a few acylated amino-5-nitrosopyrimidines have been
reported in the literature.

In 1962, Taylor and Jefford 186 reported

the preparation of diacylated 4,6-diamino-S-nitroso-2-phenylpyrimidine,

and in 1963, Pachter, Nemeth, and Villani 159 reported the preparation
of diacylated 2,4,6-triamino-5-nitrosopyrimidine, triacylated 2,4,6-

triamino-5-nitrosopyrimidine, and diacylated 4,6-diamino-2-piperidino5-nitrosopyrimidine.

The structures of these compounds are not

certain, and Pachter et~- have proposed structures CVI and CVII as
.
159
poss1·b·i·
1 1t1es.

CVII
224

225
These workers also present infrared absorption data in the 5.5-6.1µ
region for these compounds and conclude that the data are not inconsistent with structures such as CVII.
Acylation of amino-5-nitrosopyrimidines gives compounds very
different in color from the parent bases.

For example, 2,4,6-triamino-

5-nitrosopyrimidine is bright-pink, whereas the diacylated derivative
is bright-blue, 159 and the triacylated derivative is green 159 (pale-

blue):

4,6-Diamino-2-piperidine-5-nitrosopyrimidine is red, whereas

the diacylated derivative is green. 159

These color changes observed

on acylation are possibly due to fundamental structural changes other
than acylation.

If the parent base.s exist as the nitroso tautomers

CVIII (this seems likely in view of the intense color) rather than the
oxime tautomers CIX, then structures such as CVII for acylated
derivatives would explain the great differences in color.

H2NYN'i(R
O=N~

NH2

CVIII

CIX

This explanation of the color changes, however, is in direct
opposition to the explanation of color in nitrosopyrimidines offered

by several other workers. 237 - 240

These workers investigated a large

number of yellow nitrosopyrimidine · derivatives such as CX and the
intensely colored salts derived from these compounds.

For example,
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5-nitroso-l,3-diphenyl-2~thiobarbituric acid exr, which is yellow,
gives salts exrr ranging in color from the blues, violets, and greens,
to the reds, oranges, and pinks upon reaction with organic bases or

metal ions. 238

Gambhir and Singh, 237 and Dutt and co-workers 238 - 240

have attributed these color changes to a structural change fran the
oximino-ketonic tautaner eXIb {yellow), to the nitroso-enolic tautaner
CXII (intensely colored).

The nitroso group is theorized to be one of

the most potent chromophoric groups known and therefore is the group
responsible for the intense colors.

For this reason, it is believed

that ex and exr (yellow) exist as the tautomers exb and eXIb (expected
to be yellow) rather than the tautomers exa and exra (expected to be

o(Yx

intensely colored).
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This conclusion is supported by the fact that 5-methoxyiminobarbituric
acid (CXXI), a compound which is fixed in the oximino form, is
colorless. 241

Therefore, according to this explanation, the intensely

colored acylated amino-5-nitrosopyrimidines would have to exist as the
nitroso tautomers (CVI), and a structure such as CVII would probably
be colorless, or yellow at best.

If the foregoing explanation is the

case, then an alternative explanation for the color changes on
acylation must be found.
In order to understand the mechanisms of reactions involving
the acylated amino-5-nitrosopyrimidines as reactants, it is necessary
to know the structure of these compounds.

The four most likely

isomers of diacylated 2,4,6-triamino-5-nitrosopyrimidine are shown in
structures CXIII, CXIV, CXV, and CXVI.

The four most likely isomers of

triacylated 2,4,6-triamino-5-nitrosopyrimidine are shown in structures
CXVII, CXVIII, CXIX, and CXX.

Structures in which there are two

acetyl grrups on one amino group do not seem very likely, as it is
expected that all amino groups would be acylated at least once before
diacylation of an amino group would occur.

Diacetylamino compounds,

when formed, are also very sensitive to hydrolysis.

Structures which

have an unacylated imino grrup, and an acylated amino group, are also
considered unlikely, as the imino is much more basic than the amino
group and hence would be preferentially acylated.
If the explanation for the color changes put forth by Gambhir

and Singh 237 and Dutt and co-workers 238 - 240 holds for the acylated

amino-5-nitrosopyrimidines, then the structure of diacylated 2,4,6triamino-5-nitrosopyrimidines would be either CXIII or CXIV, and the
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s tructure of t Tiacylated 2,4,6-triamino-S-nitrosopyrimidine would be
CXVII.

The other proposed structures would be yellow, or possibly even

colorless.
In order to get some insight into the structure of these
compounds, the nmr spectra of diacylated and triacylated 2,4,6-triamino-5-nitrosopyrimidine were run in trifluoroacetic acid, pyridine,
and dimethylsulfoxide-d 6 .

The results are recorded in Table XXIV.
TABIE XXIV

THE NMR DATA ON DIACYLATED AND TRIACYLATED 2,4,6TRIAMINO-5-NITROSOPYRIMIDINE RELATIVE TO
1MS AS AN INTERNAL STANDARD
Solvent

Trifluoracetic acid

Diacylated
2,4,6-triamino5-nitrosopyrimidine

Triacylated
2,4,6-triamino5-nitrosopyrimidine

o ppm Amide Methyl

0 ppm Amide Methyl

2 .67 s

2.67 s (6H)
2.58 s (3H)

Pyridine

2. 45 s (6H)

2.58 s (6H)
2.51 s (3H)

Dimethylsulf oxide-d 6

2.48 s (6H)

2.55 s (6H)
2.40 s (3H)

The nmr data for diacylated 2,4,6-triamino-5-nitrosopyrimidine
are consistent only with structure CXIII.

Since the pteridines

obtained in reactions with diacylated 2,4,6-triamino-5-nitrosopyrimidine
are monoacetyl derivatives, structure CXIV is eliminated as a
possibility as this structure would probably give a diacylated
pteridine.

Diacylated 2,4,6-triamino-5-nitrosopyrimidine must therefore

no
be 2-amino-4,6-diacetamido-5-nitrosopyrimidine (CXIII).

The nmr data

for triacylated 2,4,6-triamino-5-nitrosopyrimidine are consistent with
structure CXVII or CXX if the 4- and 6-acetamido groups of CXX are
made equivalent by a rapid tautomeric shift of the amide proton.

A

structure such as CXX, however, would require the loss of two acetyl
groups to form a pteridine derivative which would then be a monoacetyl
pteridine.

Since the pteridines formed from triacylated 2,4,6-triamino-

5-nitrosopyrimidine are diacetyl pteridines, structure CXX is eliminated
as a possibility and the structure of triacylated 2,4,6-triamino-5nitrosopyrimidine must therefore be 2,4,6-triacetamido-5-nitroso-pyrimidine (CXVII).

Gambhir and Singh's and Dutt and co-workers'

explanation of the colors of nitrosopyrimidines seems to hold, as CXIII
and CXVII are predicted structures by consideration of their colors.
During the course of these investigations, some other observations were made which have some bearing on the color of nitroso
compounds.

Triacylated 2,4,6-triamino-5-nitrosopyrimidine, 159 4,6-di-

amino-5-nitroso-2-phenylpyrimidine,182 and 4,6-diamino-2-methyl-5nitrosopyrimidine182 are all reported in the literature to be green or
bluish-green compounds.

Recrystallization of triacylated 2,4,6-tri-

amino-5-nitrosopyrimidine or 4,6-diamino-5-nitroso-2-phenylpyrimidine
from abs ethanol with Norit treatment gave pale-blue products.

Re-

crystallization of 4,6-diamino-2-methyl-5-nitrosopyrimidine fran acetic
acid with Norit treatment gave pale-blue, lustrous needles which upon
drying in an oven, lost acetic acid of crystallization to give a paleblue powder.

It seems then that the characteristic colors of some

nitrosopyrimidines are due at least in part to highly colored impurities
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which are removed by treatment with activated charcoal during the recrystallization process.

This possibility was not pursued any further;

however, it would be of considerable interest to see how general this
phenomenon is, and to isolate and identify the contaminants responsible
for the green colors.
Since acylated amino-5-nitrosopyrimidines were found to be
useful as intermediates in the preparation of pteridines, it was
attempted to prepare several new examples.

Acylations in refluxing

acetic anhydride were attempted with 2,6-diamino-5-nitroso-4(3H)pyrimidinone, 4,6-diamino-5-nitroso-2(1H) - pyrimidinone, 6-amino-5nitroso-2(1H),4(3H)-pyrimidinedione, 2,6-diamino-5-nitroso-2(1H)pyrimidinethione, 2,6-diamino-2 - methyl-5-nitrosopyrimidine, and
6-amino-l,3-dimethyl-5-nitrosouracil.

Only in the case of 6-amino-i',3-

dimethyl-5-nitrosouracil, was an acylated derivative isolated.

In all

other cases, either unreacted starting material was recovered or ring
cleavage leading to profound deccmposition occurred.

In the case of

6-amino-1,3-dimethyl-5-nitrosouracil, refluxing in acetic anhydride
gives a colorless diacylated derivative.

Since CXXI is reported to be

colorless, 241 the most likely structure for diacylated 6-amino-1,3dimethyluracil would seem to be CXXII.

The nmr data rule against this

structure, however, and indicate that the product is N,N-diacetyl-6amino-l,3-dimethyl-5-nitrosouracil (CXXIII).

The chemical shifts in

deuterochloroform relative to TMS are as follows:

3.386 (singlet, 3H,

N-methyl), 3.306 (singlet, 3H, N-methyl), 2.346 (singlet, 6H, diacetylamino).

The nmr spectrum of CXXII would be expected to give fwr

singlets of equal intensity.

The carbonyl at 1803 cm- 1 in their spectrum

is also consistant with CXXIII; ir (No. 8, p 280).
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Diacylation of an amino group is not without precedent in the
pyrimidine series.

Pfleiderer and co-workers have reported a number

of such derivatives. 242 - 244

For example, refluxing 1,3,5-trimethyl-4-

aminouracil (CXXIV) with acetic anhydride gives 1,3,5-trimethyl-4diacetylaminouracil (CXXV). 243

In view of the fact that several other

ring-nitrogen alkylated uracils give diacetylamino derivatives upon
refluxing with acetic anhydride, it is not surprising that CXXIII was
obtained upon refluxing 6-amino-1,3-dimethyl-5-nitrosouracil with
acetic anhydride.

Reflux
CXXIV
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The colorless nature of 6-diacetylamino-1,3-dimethyl-5-nitrosouracil

(XXIII), however, is not in agreement with Gambhir and Singh's and
Dutt and co-workers' explanation of the colors of nitrosopyrimidines.
If structure CXXIII is correct, there is no possibility of tautanerism,
and the nitroso group should therefore make the compound intensely
colored.

It is possible that CXXIII exists as the dimer CXXVI, as is

·
· h several ot her colorless or ~e ll ow nitroso
t h e case wit
compound s. 245,246
If this is the case, then solutions of CXXIII must be solutions of the

dimer as they are also colorl~ss.
0
11

N

/ C- CH 3

.

'c-cH 3
11

0

CXXVI

The extensive conjugation in structure CXXVI should give an
orange or at least a yellow compound.

The bulky diacetylamino groups,

however, would force the two pyrimidine systems out of plane with each
other and thus prevent such conjugation, giving a white or colorless
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product.

The possibility that CXXVI exists as the cis isomer should

also not be overlooked.

Cis and trans isomers could be easily dis-

tinguished by dipole mcment considerations.
The Preparation of 6-Thiopteridines
The Timmis Method
In 1949 Timmis reported an unambiguous pteridine synthesis
which involved the condensation of 4-amino-5-nitrosopyrimidines CXXVIII
with ketones CXXVII and related carbonyl compounds having a suitably
activated methylene grrup adjacent to the carbonyl.

The first conden-

sations were carried out in acetic acid solutions at 100-160°. 247

CXXVII

CXXIX

Spickett and Timmis later extended the method to phenylacetonitriles and phenylacetyl chlorides which lead to compounds CXXIX
where R4=NH2 and OH, respectively. 248

The condensation of 4-amino-

5-nitrosopyrimidines with phenylacetonitriles required basic catalysis.
Systems such as sodium ethoxide in refluxing ethanol, sodium 2-ethoxyethoxide in refluxing 2-ethoxyethanol,and sodium 2-hydroxyethoxide in
refluxing ethylene glycol were found useful in effecting the
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condensations.

Sodium acetate in refluxing acetic acid proved useful

in condensations involving 4-nitrophenylacetonitrile.

The phenyl-

acetylchlorides underwent condensation without catalysis.
Osdene and Timmis introduced functional groups into the 6position of the pteridine nucleus by reacting 4-amino-5-nitrosopyrimidines with cyanoacetic acid and cyanoacetamide.

These reactions

were carried out under basic catalysis and led to compounds CXXIX,
where R3=COOH and CONH 2 , respectively. 249

The base catalyzed conden-

sation of 4-amino-5-nitrosopyrimidines with diethylmalonate, followed
by hydrolysis of the intermediate ester gave 7-hydroxy-6-pteridinecarboxylic acids (CXXIX, R3 =COOH, R4=0H). 2SO

Timmis and co-workers also prepared a number of condensed polycyclic pteridine derivatives by appropriate extensions of the method.
For example, a-cyano and o-carbethoxyphenylacetonitriles (CXXX)
reacted with 4-amino-5-nitrosopyrimidines CXXXI in a base catalyzed
double ring closure to give the condensed ring system, CXXXIIr. 251
pteridine intermediate CXXXII could not be isolated.

R2 CXXXI

CXXXII

or OH

The
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Fusion of 4-amino-5-nitrosopyrimidines (CXXXV) with 2-napthol
(CXXIV) at 150° also gave condensed polycyclic pteridine derivatives
CXXXVI.252,253
OH

pN=clRI

H~(i(I

O=N

N

R2
CXXXIV

~N

R2

CXXXVI

CXXXV

In view of the foregoing examples, the Timmis method seemed
to offer a convenient and unambiguous route to the 6-thiopteridines
CXXXVII.

?

The reaction of 2,6-diamino-5-nitroso-4(3H)-pyrimidinone with 4acetamidophenylthioacetaldehyde diethyl acetal in refluxing acetic
acid with a drop of coned hydrochloric was therefore attempted.

Under

these conditions the acetal should be hydrolyzed to the aldehyde and
thus provide a methylene activated by both the aldehyde carbonyl and the
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sulfur atom.

Subsequent condensation with the 4-amino-5-nitroso-

pyrimidine would give 2-amino-6-(4-acetamidophenylthio)-4(3H)pyrimidinone.

Bnreacted 2,6-diamino-5-nitroso-4(3H)-pyrimidinone,

however, was recovered in 84% yield.

A similar reaction carried out

in a sealed tube for fifteen hours at 190° also gave unreacted starting
material as did an attempted reaction in refluxing 90% formic acid.
Fusion of the components at 180° with a drop of concentrated hydrochloric acid also gave unreacted starting pyrimidine.
The 4-acetamidophenylthioacetaldehyde diethyl acetal used in
these reactions was apparently hydrolyzed to the free aldehyde CXXXVIII
which subsequently

trimerized with the loss of three molecules of

water to give l,3,S-tris(4-acetamidophenylthio)benzene (CXXXIX).

CXL

CXLI
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The product CXXXIX was identical with the product obtained from the
reaction of 1,3,5-tribromobenzene (CXL) with 4-acetamidothiophenol

(CXLI).

Although the trimerization of thiosubstituted acetaldehydes

has not been reported in the literature, a number of related trimerizations have been reported to give 1,3,5-trisubstituted benzenes.
For example, the trimerization of acetone (CXLII) gives mesitylene

(CXLIII). 254

CXLII

CXLIII

The trimerization of S-keto-aldehydes CXLiv 255 and sulfonylacetaldehydes

CXLVI 256 , 257 also leads to the 1,3,5-trisubstituted benzenes CXLV and
CXLVII, respectively.
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It is, therefore, not very surprising to find that thiosubstituted
. acetaldehydes also undergo trimerization to give 1,3,5-trisubstituted
benzene derivatives.
In an attempt to explain the failure of the Timmis method to
produce the desired pteridine, several factors need to be considered.
First, the trimerization of the aldehyde intermediate probably competes
very successfully with pteridine formation.

Such CC!llpetition, however,

would not be expected to eliminate pteridine formation entirely, and
since pteridines were not formed, other factors must also be operative.
Second, the insolubility of the 4-amino-5-nitrosopyrimidine might be an
important factor in preventing the success of the reaction . . 2,6-Diamino
5-nitroso-4(3H)-pyrimidinone was found to be almost totally insoluble in
refluxing acetic acid.

The material was, however, slightly soluble

in refluxing 90% formic acid and, hence, pteridines should have been
formed in this reaction system if lack of solubility were the problem.
Third, several Timmis type reactions are reported to be successful
under strong basic catalysis when reaction in acetic acid failed to
give the desired product.

This would necessitate the preparation of

the free aldehydes fran the acetals if a hydrogen is desirable in the
7-position of the pteridine nucleus.

Fourth, the resonance interaction
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of electron releasing groups (OH, NH 2) in the 2-, 4- and 6-positions

of the pyrimidine ring would deactivate the nitroso group toward
nucleophilic attack.

This places the biologically more interesting

pteridines among the more difficult to prepare by the Timmis method.
Timmis and Spickett have reported the successful preparation of 2,7diamino-6-phenyl-4(3H)-pteridinone by the reaction of phenylacetonitrile
with 2,4-diamino-5-nitroso-4(3H)-pyrimidinone in the presence of
sodium 2-hydroxyethoxide in ethylene glyco1. 248

2,6-Diamino-5-nitroso-

4(3H)-pyrimidinone, 4,6-diamino-5-nitroso-2(1H)-pyrimidinone and 6amino-5-nitroso-2(1H),4(3H)-pyrimidinedione, however, fail to react

with molten 2-naphthol. 253

The lack of reaction is presumably due to

the insolubility of these compounds in the molten 2-naphthol. 253

In

addition, Landor and Rydon have reported that pteridines could not be
isolated fran the reaction of 2,6-diamino-5-nitroso-4(3H)-pyrimidinone
with propionaldehyde diethyl acetal, B-chloropropionaldehyde diethyl
acetal, or the condensation product of the latter with 4-aminobenzoic acid; nor was a pteridine produced by the reaction of 2,6-

diamino-5-nitroso-4(3H)-pyrimidinone with ethyl sodioacetoacetate. 258
In order to overcome some of the difficulties responsible for

the lack of reactivity of 2,6-diamino-5-nitroso-4(3H)-pyrimidinone, it
was attempted to acylate the pyrimidine in acetic anhydride.

It was

felt that acylation of the amino groups would serve to activate the
nitroso group and thus allow the reaction to proceed under acid
conditions.
soluble.

Acylation would also make the pyrimidine intermediate more

Pachter, Nemeth, and Villani have already reported a similar

activation of triamino-S-nitrosopyrimidines. 159

In the case of
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2,6-diamino-5-nit r oso-4(3H)-pyrimidinone, however, attempted acylations
led either to recovery of s t arting material or decomposition of the
pyrimidine ring.
Having failed to obtain the desired 2,5-diacetamido-5-nitroso-4(3H)-pyrimidinone intermediate, it was decided to adopt another model
system which avoided the difficulties inherent in the first system.
2-Amino-4,6-diacetamido-5-nitrosopyrimidine (CXLIX) and phenylthioacetonitrile (CXLVIII) were, therefore, prepared.

It was expected

that a Timmis reaction of these canpounds would lead to either 4-acetamido-2,7-diamino-6-phenylthiopteridine (CL) or 2,4,7-triamino-6-phenylthiopteridine (CLI), depending on the reaction system.

CXLVIII

CXLIX

CLI

The reaction of these components in abs ethanol in the presence of
potassium acetate, however, gave only hydrolyzed 2-amino-4,6-diacetamido5-nitrosopyrimidine and unreacted phenylthioacetonitrile.

A similar
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reaction catalyzed by sodium cyanide gave the same results.

Paper

chromatography of the mixtures indicated that no pteridines were
formed.

The reaction of phenylthioacetonitrile with 2-amino-4,6-

diacetamido-5-nitrosopyrimidine in refluxing N,N-dimethylformamide in
the presence of sodium acetate, however, gave the expected 4-acetarnido2,7-diamino-6-phenylthiopteridine (CL).

When the reaction was carried

out in dimethylsulfoxide with sodium methoxide as the catalyst 2,4,7triamino-6-phenylthiopteridine (CLI) was obtained in 59% yield.

Mild

hydrolysis of the acylated intermediate CL also gave 2,4,7-triamino6-phenylthiopteridine (CLI).
It appears, then, that when sufficiently active 4-arnino-5nitrosopyrimidines are used, their reaction with appropriate activated
thiomethylene intermediates will lead to the expected 6-thiopteridines.
Reactions with 2,4,6-triarnino-5-nitrosopyrimidine and 2,6-diamino-5nitroso-4(3H)pyrimidinone were not attempted in N,N-dimethylformamide
or dimethylsulfoxide.

It is felt, however, that the desired pteridines

would probably not be formed with the latter precursors.
Pteridine Syntheses with Activated Methine
Intermediates
In 1963 Pachter and Nemeth reported the preparation of several

7-amino-6-alkylsubstituted pteridines. 259

These pteridines were

prepared by the reaction of 4-amino-5-nitrosopyrimidines (CLV) with
various alkyl substituted benzoylacetonitriles in the presence of sodium
cyanide.

The initial attack of the carbanion CLIV on the nitroso group

gives the intermediate, CLVI.

The oxygen anion then attacks the

carbonyl which results in the subsequent loss of benzoate to give CLVIII
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which then ring closes to give the 7-amino-6-alkylpteridines (CLVII).
There is also the possibility of the nitrile function being attacked
by the oxygen anion which results in the loss of cyanate to give CLIII
which then ring closes to give CLII as the pteridine product.

All of

the reactions involving 4,6-diamino-5-nitroso-2-phenylpyrimidine
(CLV, R1=Ph, R2=NH 2) eliminated benzoate rather than cyanate.

In the

case of 4,6-diamino-2-methylthio-5-nitrosopyrimidine (CLV, R1=S-CH3 ,
Rz=NH 2) and 4,6-diamino-5-nitrosopyrimidine (CLV, R1=H, Rz=NH2), however,
mixtures were obtained.

Either of the products could be made to pre-

dominate by using the appropriate solvent, catalyst and reaction
temperature.

N=C

@
I

Alk-c0
I

CLIV

+
CLV
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When a substituted ethyl cyanoacetate was used in place of the substituted benzoylacetonitriles, pteridines were also produced.

The

reaction was more sluggish, however, and the yields were inferior.
Use of substituted ethyl cyanoacetates requires the loss of ethyl
carbonate as the anion.
It was felt that the approach just outlined might be adapted
to the synthesis of 6-thiopteridines.
methine intermediates were synthesized.

Accordingly, a number of suitable
These intermediates (CLXI)

were readily available by the reaction of 2-nitrophenylsulfenyl chloride
(CLIX) with S-diketones (CLX).

The symmetrical diketones were of

particular interest as the possibility of mixtures of pteridine products
was then eliminated.
R
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4,6-Diamino-5-nitroso-2-phenylpteridine (CLXIII) was selected
as the model pteridine and 3-(2-nitrophenylthio)-2,4-pentanedione
(CLXII, R=CH3) was selected as the model activated methine intermediate.
Attack of the anion, CLXII, on the nitroso group would be expected to
give CLXIV (R=CH3), which would then lose acetate to give CLXVI (R=CH3 ),

which would ring close to give the pteridine CLXV (R=CH3).

Eighteen

reactions were attempted in a variety of solvents under both acidic and
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and basic catalysis.
XX.

These reaction conditions are summarized in Table

Almost invariably, unreacted 4,6-diamino-5-nitroso-2-phenylpteridine

was still present in the reaction mixture.

Although paper chromatography

indicated that pteridines were formed, pure products could not be
isolated from any of the reaction mixtures.

When reactions were run in

abs ethanol, the odor of ethyl acetate could be detected.

When

reactions were run in butanol the odor of butyl acetate could be
detected.

This is at least an indication that acetate is being produced

in the reaction mixture and hence intermediates such as CLXIV (R=CH3 )
and CLXVI (R=CH3) are probably being produced.
R

/n\_s~? e
I

O=C

~NOO-C
2 I

CLXII

R

Similar reactions starting with 2-(2-nitrophenylthio)-l,3-diphenyll,3-propanedione (CLXII, R=Ph) and 4,6-diamino-5-nitroso-2-phenylpyrimidine (CLXIII) also failed to produce pure products.

Again,
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paper chromatography indicated that pteridines were formed and the
odor of ethyl benzoate could be detected in reactions run in abs
ethanol.
The reasons for the failure of this method are not entirely
clear.

The carbanion CLXII is stabilized by all three of the attached

groups, as sulfur can also participate by use of its cl-orbitals.

The

nitrogroup can also participate in stabilization of the carbanion.

It

seems almost certain that the carbanion CLXII would be formed and
once formed, would attack the nitroso group.

It also seems very likely

that an intermediate such as CLXVI would undergo the energetically
favorable ring closure.

As will be seen in the next section, other

reactions which probably also give an intermediate such as CLXVI,
give the expected pteridines in good yields.

It seems most likely then

that the difficulties are associated with the intermediate CLXIV and
the loss of acylate from this molecule.

While both the nitre group and

the sulfur atom stabilize the attacking carbanion, these same functions
might also be responsible for the failure of the reactions in question.
Structures such as CLXVII, CLXVIII, and CLXIX, which involve the orthanitro group, and structures such as CLXVIII and CLXIX, which require
the participation of sulfur_ cl-orbitals, illustrate possible interactions
which could hinder the normal progress of the reaction.

If such inter-

actions are important, then the problem might be overcome by removing
the ortha-nitro function.

The use of intermediates which result in the

loss of 4-nitrobenzoate might also prove useful.
however, were not investigated.

These possibilities,
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Addition of Thiols to Nitrones
In 1963 Pachter, Nemeth and Villani reported the preparation

. pter1.d.1ne N-ox1.d es. 159
.
of t h e f 1rst
aut h ent1c

These compounds were

prepared by the reaction of 4-amino-5- nitrosopyrimidines with
pyridinium-activated acetonitriles, acetophenones, and other methyl
ketones in the presence of base.

When cyanide was used as the basic

catalyst, 6-pteridinyl ketones were isolated.

It was postulated that

the pyridinium activated methylene (CLXX) reacted with the 4-amino-5nitrosopyrimidine (CLXXI) to give the hydroxylamine (CLXXIII) which
then loses pyridine and a proton to give the nitrone (CLXXIV).

The

nitrone (CLXXIV) then cyclized to give the pteridine 5-oxide (CLXXII).
In the presence of cyanide, addition to the nitrone occurs to give the
intermediate (CLXXVI) which loses a molecule of water to form the
anil (CLXXV).

The anil (CLXXV) can then ring close with the cyano

group to give the 7-amino-6-pteridinyl ketones (CLXXVII), or ring
close with the carbonyl group to give the 6-pteridine carbonitrile
(CLXXVIII) .

Ring closure of the intermediate (CLXXV) generally gives

the 6-pteridinyl ketone (CLXXVII) almost exclusively.

Only in the

case of phenacylpyridinium bromide (CLXX, R3=CH3 , X=Br) reacting with
4,6-diamino-5-nitroso-2-phenylpyrimidine (CLXXI, R1=Ph, R2=NH 2) was

the pteridine carbonitrile (CLXXVIII, R1=PH, R2=NH 2 , R =Ph) isolated
3
159
as a minor by-product.
The addition of cyanide as well as a variety of other
260
nucleophiles to nitrones is well known.
On the other hand, the
addition of sulfur nucleophiles to nitrones has received very little
attention.

The possibility that thiols might also add to nitrones
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and thus provide a convenient route to the 6-thiopteridines, seemed
worthy of investigation.

Accordingly, 2-amino-4,6-diacetamido-5-

nitrosopyrimidine, 1-(cyanomethyl)pyridinium chloride, and thiophenol
were refluxed in abs ethanol for five minutes in the presence of
potassium acetate to give the expected 4-acetamido-2,7-diamino-6phenylthiopteridine in good yields.

The maximum yields were given

when 2.0 equivalents of thiophenol and 2.0 equivalents of 1(cyanomethyl)pyridinium chloride were used with 1.0 equivalent of 2amino-4,6-diacetamido-5-nitrosopyrimidine (cf. reactions 9-13 in
Table XXI).

Although the use of only 1.5 equivalents of 1-(cyanomethyl)-

pyridinium chloride only reduced the yield from 71.7% to 70.0%, the
simultaneous reduction of 1-(cyanomethyl)pyridinium chloride to 1.5
equivalents, arid thiophenol to 1.8 equivalents, reduced the yield of
the product to 57.9% (cf. reactions 9-11 in Table XXI).

A large

excess of thiophenol did not seem to offer any advantage (cf. reactions
11-13 in Table XXI).

The method was subsequently extended to synthesize

eighteen other 4-acetamido-2,7-diamino-6-thiopteridines.

The reaction

is successful with a variety of substituted aromatic thiols, including
pentafluoro and pentachloro thiophenol; aliphatic thiols, including
adamantanethiol and thiovanol; and the allylic thiol, allyl mercaptan.
The only thiol tried, which failed to react, was mercaptobenzothiazole,
and in this case, the thione tautomer is favored.

Other sulfur

compounds which exist primarily as the thione tautaner were not
investigated.

The 4-acetamido-2,7-diamino-6-thiopteridines thus

obtained were easily hydrolyzed to the 2,4,7-triamino-6-thiopteridines
in good yields.

The methods of hydrolysis will be discussed in the
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next section.

The 2,4,7-triamino-6-thiopteridines were obtained

directly in a few cases by using aqueous sodium hydroxide as the
condensing base (method F).

The reaction times, however, were generally

much longer (12-18 hours, compared to 5-10 minutes), and the yields were
generally less than the two-step overall process which involved the
preparation of the acylated intermediate, followed by hydrolysis
(compare reactions 5 and 9, 18 and 19, 31 and 32, and 38 and 39 in
Table XXI).
The mechanism by which the 4-acetamido-2,7-diamino-6-thiopteridines are formed was not directly or specifically investigated.
It seems likely, however, that the following steps are involved:

The

pyridinium-activated methylene, 1-(cyanomethyl)pyridinium chloride
(CLXXIX), in the presence of base, could be expected to give the
stabilized ylid (CLXXX).

Attack of CLXXX on the nitroso group of

2-amino-4,6-diacetamido-5-nitrosopyrimidine (CLXXXI) would give the
intermediate (CLXXXII), which loses pyridine to give the nitrone
(CLXXXIV).

Addition of the mercaptide anion to CLXXXIV gives CLXXXIII,

which is protonated to give CLXXXV.

Loss of the elements of water from

CLXXXV leads to CLXXXVI, which is then deacylated to give a free amino
grc:up in CLXXXVIII, thus allowing cyclization to the pteridine
(CLXXXVII).

It is not at all certain when the acetyl group is lost

to give the free amino group, and this could occur at almost any point
in the mechanism.

It probably occurs subsequent to nitrone formation;

otherwise, it would be difficult to account for the activating influence
of the acetyl group.

A possible mechanism for the loss of acetate is

illustrated in Chart IV.
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A second mechanism, which involves the formation of an
intermediate pteridine 5-oxide, is probably not of any great
importance in the formation of the observed products.

If deacylation

of CLXXXIV were to occur, giving an intermediate such as CLXXXIX,
then cyclization of CLXXXIX might occur to give the pteridine 5-oxide
(CXC).

Since CXC is still a nitrone, addition of mercaptide might

occur to give CXCII, which is then protonated to give CXCI.

Loss of the

elements of water from CXCI gives the expected pteridine (CLXXVIII).

CLXXIV

CXC

CLXXXIX

H!s;(N'(NrNH2

CLXXVIII

H

CXCI

,~

00 H_...N-~-CH3
0

CXCII

The new method was also successful with other pyridiniumactivated methylene intermediates such as phenacylpyridinium branide,
acetonylpyridinium chloride, 1-(3,3-dimethyl-2-oxo~l-butyl)pyridinium
bromide, and 1-(carbethoxymethyl)pyridinium chloride .

When these

intermediates were used with 2-amino-4,6-diacetamido-5-nitrosopyrimidine
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and thiophenol, 7-phenyl, 7-methyl, 7-t-butyl, and 7-hydroxy-2-amino-4acetamido-6-phenylthiopteridines were obtained, respectively.

An

attempted preparation of 2,4-diamino-6-phenylthiopteridine starting
with 1-(2,2-diethoxy-l-ethyl)pyridinium bromide (CXCIII), CXCIV, and
thiophenol failed.

The intermediate (CXCV) was probably formed as

indicated by the disappearance of the blue color of CXCIV.

However,

in attempting to use coned hydrochloric acid to achieve hydrolysis of
the amide group as well as the acetal group of CXCV, and thus form
the intermediate (CXCVI), hydrolysis of the anil probably occurred.
It is possible that hydrolysis of the acetal, under mild conditions,
might lead to acylated intermediate CXCVII, which would then cyclize
to give CXCIX.
product CXCVII.

Hydrolysis of CXCIX would then give the desired
This possibility, however, remains to be investigated.
Hydrolysis of 4-Acetamido6-thiopteridines

Nine different methods were used in the hydrolysis or
attempted hydrolysis of 4-acetamido-6-thiopteridines.
methods involved basic hydrolysis.

Six of these

Method A consisted of simply

stirring the acylated pteridine with 2% sodium hydroxide at roan temperature for several hours.

Method B required boiling in 2% sodium

hydroxide for several hours, method C, boiling in 10% sodium hydroxide,
method D, boiling in 10% sodium hydroxide in the presence of N,Ndimethylformamide, method E, boiling in 20% sodium hydroxide, and
method F, boiling in 33% sodium hydroxide.

Method A was unsatisfactory

for the hydrolysis of 4-acetamido-6-thiopteridines.

Method C was

satisfactory for the hydrolysis of a number of acylated pteridines
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such as 6-phenylthio, 6-(4-tolylthio), and 6-(4-chlorophenylthio)-2,7diamino-4-acetamidopteridines.

The 2-tolylthio derivative, however,

was resistant to all of the methods of basic hydrolysis except D.
Several workers have reported the alkaline hydrolysis of

various 4-aminopteridines to 4-hydroxypteridines. 261 - 263

For example,

2,4-diamino-6-methylpteridine (CC), when heated with lN sodium hydroxide

for six hours at 100°, gives 2-amino-6-methyl-4(3H)-pteridinone (CCI). 261

1N NaOH

6 hrs at 100°

cc

CCI

In the case of the 4-acetamido-6-thiopteridines, however, further
hydrolysis of the newly formed free 4-amino group was not observed.
A large number of pteridines are reported to undergo base-catalyzed

ring cleavage. 67 • 71 • 264

For example, 2,4-diamino-7-methylpteridine

(CCII), upon treatment with 3N sodium hydroxide at 180° for twenty

hours, gives 3-amino-5-methyl-2-pyrazinecarboxylic acid (CCIII). 265
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There was, however, no evidence of alkaline hydrolysis of the pteridine
nucleus during the basic hydrolysis of the 4-acetamido-6-thiopteridines.
Hydrolysis of the 4-amino group and ring cleavage probably were not
observed due to the insolubility of the 2,4,7-triamino-6-thiopteridines
in base.
Acid hydrolysis of the acylated 2,4,7-triamino-6-thiopteridines
was much more satisfactory.

Three methods were used for the acid

hydrolysis of 4-acetamido-6-thiopteridines.

Method G involves stirring

the pteridine in coned hydrochloric acid at room temperature, method
H involves the addition of coned hydrochloric acid to a hot solution
of the pteridine in 90% formic acid, and method I involves refluxing
in coned hydrochloric acid.

6-Phenylthio-6(3-tolylthio)-, 6-(2-amino-

phenylthio)-, 6-benzyethio-, and 6-n-hexylthio-2,7-diamino-4-acetamidopteridines were all easily hydrolyzed by method G.

Method G, however,

gave only imcomplete hydrolysis with 6-(4-tolylthio)-, 6-(2-tolylthio)-,
and 6-(4-t-butylphenylthio)-2,4-diamino-4-acetamidopteridines.

Method

I gave the expected products with 6-(3-tolylthio)-, 6-(2-tolylthio)-,
6-(4-chlorophenylthio)-, 6-(2-aminophenylthio)-, 6-benzylthio, and
6-(2-phenylethylthio)-2,7-diamino-4-acetamidopteridines.

With 6-

phenylthio-, 6-(4-tolylthio)-, and 6-(4-t-butylphenylthio)-2,7-diamino4-acetamidopteridines, however, hydrolysis by method I gave other
products; these pteridines were hydrolyzed to give the expected 2,4,7triamino-6-thiopteridines by method H.
Hydrolysis of the 4-amino group to the 4-hydroxy grrup has also
been reported to occur under acid conditions.

For example, 2,4-diamino-

7-methylpteridine (CCIV), when treated with lN sulfuric acid at 100°,
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gives 2-amino-7-methyl-4(3H)-pteridinone (CCV).

261

Acid catalyzed

ring cleavages of the pteridine nucleus also occur. 67 , 71 , 264

For

example, 6,7-diphenyl-2(1H,4(3H)-pteridinedione (CCVI), on treatment
with 80% sulfuric acid at 195-200° for thirty minutes, gives 2,3diphenyl-5-aminopyrazine CCVII. 266

100°
CCIV

CCV

80% H2so 4
195-200°
30 min

CCVI

CCVII

While it is possible that the unexpected, and as yet unidentified, products obtained from the acid hydrolysis of 6-phenylthio-,
6-(4-tolylthio)-, and 6-(4-t-butylphenylthio)-2,4-diamino~4-acetamidopteridines by method I could be the corresponding 4(3H)-pteridinones, this
does not seem likely in view of their solubility in water.

At this

point, it appears more likely that ring cleavage has occurred.

This

remains to be seen, however, as these products have not yet been fully
investigated.

260 ·

6-Sulfonylpteridines
Several attempts were made to synthesize 6-sulfonylpteridines
by the Timmis method.

The reaction of 4-acetamidophenylsulf onylacet-

aldehyde diethyl acetal with 2,6-diamino-5-nitroso-4(3H)-pyrimidinone in
refluxing glacial acetic acid with a drop of coned hydrochloric acid,
led to the recovery of the starting 4-amino-5-nitrosopyrimidine and a
product believed to be 1,3,5-tris-(4-acetamidophenylsulfonyl)benzene
(CCVIIIa).

The reaction of l-chloro-2-(4-nitrophenylsulfonyl)ethyl

acetate in refluxing acetic, plus a drop of coned hydrochloric acid,
and the sodium methoxide catalyzed reaction of 4-nitrophenylsulfonylacetaldehyde in N,N-dimethylformamide both with 2,6-diamino-5-nitroso-4(3H)-pyrimidinone~

gave the starting pyrimidine back and a product

believed to be 1,3,5-tris-(4-nitrophenylsulfonyl)benzene (CCVIIIb).

CCVIII

The reaction of l-chloro-2-(4-nitrophenylsulfonyl)ethyl acetate with
2,4,6-triamino-5-nitrosopyrimidine catalyzed by sodium methoxide in
N,N-dimethylformamide, also resulted only in the recovery of the
starting pyrimidine.

The sodium acetate catalyzed reaction of

2,4,6-triamino-5-nitrosopyrimidine with phenylsulfonylacetonitrile in
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refluxing N,N-dimethylformamide, likewise failed to produce the expected
pteridine as determined by paper chromatography.

Weinstock and co-

workers also report the failure of this reaction to give the 6-sulfonylpter1..d.1.ne. 267

The failure of these reactions is rather surprising in

view of the reported preparation of a number of 6-pteridinesu lf mamides
by the Timmis method.

154 155
•

The 4-amino-5-nitrosopyrimidines used in

the preparation of the 6-pteridinesulfonamides, however, did not have an
amino group in the 2-position which would deactivate the 5-nitroso group.
Since acylated 4-amino-5-nitrosopyrimidines had served so well
as intermediates in the preparation of the 6-thiopteridine series, it
was felt that acylated intermediates might also be of use in the
preparation of 15-su lf onylpteridines ,

Accordingly, 2-amino-4, 6-di-

acetamido-5-nitrosopyrimidine (CCX) was reacted successfully wi t~1 phenylsu lf onylacetonitri le (CCIX) in the presence of potassium acetate in
refluxing abs ethanol to give 4-acetamido-2,7-diamino-6-phenylsulfonylpteridine (CCXI).

CCIX

CCXI

Pteridines were also produced when the reaction was carried out with
sodium cyanide in ethanol and sodium acetate in N,N-dimethylformamide.
No pteridines were produced, however, when reactions were carried out

262
in Rlacial acetic acid with either hydrochloric acid, or sodium acetate
as the catalyst.

The potassium acetate catalyzed reaction of 4-tolyl-

sulfonylacetonitrile with 2-arnino-4,6-diacetarnido-5-nitrosopyrimidine
in abs ethanol, however, gave the 6-(4-tolylsulfonyl)pteridine analog
of CCXI.

Reactions with 2,4,6-triacetamido-5-nitrosopyrimidine gave

the 7-amino-2,4-diacetamido-6-sulfonylpteridines.
Since the addition of thiols to nitrone intermediates had been
so successful in the preparation of the 6-thiopteridines, the
preparation of 4-acetamido-2,7-diamino-6-phenylsulfonylpteridine (CCXIII)
was attempted by addition of benzene sulfinate to the nitrone (CCXII).
None of the desired product, however, could be detected in the mixture
by paper chromatography.
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Several attempts were made to produce 4,7-diamino-2-phenyl6-phenylsulfonylpteridine.

Pteridines were produced when the reactions

were run with sodium cyanide in ethanol, potassium acetate in ethanol,
and sodium acetate in N,N-dimethylformamide, but pure products were not
isolated.

Pteridines were not produced when the reactions were carried

out in acetic acid with hydrochloric acid or sodium acetate as the
catalyst.
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The attempted preparation of 4-acetamido-2-amino-7-phenyl-6phenylsulfonylpteridine (CCXIX) by reacting a-phenylsulfonylacetophenone (CCXVI) with 2-amino-4,6-diacetamido-5-nitrosopyrimidine
(CCXVII) in ethanol using either sodium cyanide or potassium acetate
as the base, resulted in the foo:mation of 4-acetamido-2-amino-7phenylpteridine 5-oxide (CCXIV).

Apparently, the loss of a benzene-

sulfinate anion from CCXVIII to give the nitrone (CCXV), which then
cyclized to the 5-oxide (CCXIV), takes place in preference to loss of
hydroxide ion to give the anil (CCXX), which would cyclize to give the
expected 6-sulfonyl pteridine (CCXIX).
In contrast with the 4-acetamido-6-thiopteridines, the
hydrolysis of 4-acetamido-6-sulfonylpteridines is easily accanplished
by stirring at room temperature with 2% sodium hydroxide or coned
ammonium hydroxide.

The 2,4-diacetamido-6-sulfonylpteridines are also

hydrolyzed under the same conditions.

This is not unexpected, as the

sulfonyl group activates groups in the 2-, 4-, and 7-positions toward
nucleophilic attack.
6-Pteridinyl Ketones
Pachter and co-workers applied the Timmis method to the preparation of a number of 7-amino-6-pteridinyl ketones by reacting S-

ketonitriles with 4-amino-S-nitrosopyrimidines. 159

The use of S-

diketones for the preparation of 6-pteridinyl ketones by the Timmis
method has not been reported.

Although the 2,4-diaminopteridine

derivatives are the most interesting in terms of anti-folate activity,
2,4,7-triamino-6-pteridinyl phenyl ketone is the only example of a
2,4-diamino-6-pteridinyl ketone reported in the literature.

The use
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of 8-diketones in the Timmis reaction was, therefore, investigated,
particularly as applied to the preparation of 2,4-diaminopteridine
derivatives.
The reaction of 2,4-pentanedione (CCXXI, R=CH3 ) with 2-amino4,6-diacetamido-5-nitrosopyrimidine (CCXXII, R1=NH 2 , R2=CH3CONH)

catalyzed by either s6dium cyanide or potassium acetate in refluxing
ethanol gave the expected 6-pteridinyl ketone (CCXXIII, R1=NH 2 ,
R2=CH3CONH, R3=CH 3 ).

The analogous reaction with l,3-diphenyl-1,3-

propanedione (CCXXI, R=Ph), catalyzed by either sodium cyanide or
potassium acetate in refluxing ethanol, also gave the expected 6pteridinyl ketone (CCXXIII, R1=NH 2 , R2=CH 3 , R3 =Ph). With the sodium

cyanide catalyzed reactions, 4-acetamidopteridine derivatives were not
isolated as they were hydrolyzed in situ to the corresponding 4-amino-

pteridines.

Reactions of 4,6-diamino-5-nitroso-2-phenylpyrimidine with

2,4-pentanedione and l,3-diphenyl-1,3-propanedione, likewise gave the
expected products CXXIII (R 1=Ph, Rz=NHz, R3=CH3 ) and CCXXIII (R 1=Ph,
R2=NH2, R3=Ph), respectively.
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The reactions with 4,6-diamino-5-nitroso-2-phenylpyrimidine were, however, much more sluggish than those with 2-amino-4,6-diacetamido-5nitrosopyrimidine.

For example, the reaction of 4,6-diamino-S-nitroso-

2-phenylprimidine with 2,4-pentanedione required forty hours for
completion, whereas the reaction of 2-amino-4,6-diacetamido-S-nitrosopyrimidine with 2,4-pentanedione only required thirty minutes.
The product obtained from the reaction of l,3-diphenyl - 1,3propanedione (CCXXVI) with 4,6-diamino- S-nitroso-2-phenylpyrimidine
(CCXXVII), which required one week at reflux for complete reaction,
was a mixture.

It is possible that the product was contaminated with

4-amino-2,7-diphenylpteridine (CCXXIV).

This product could be

obtained by the loss of benzoate from CCXXVIII to give the anil (CCXXV),
which could then cyclize to give 4-amino-2,7-diphenylpteridine (CCXXIV).
Formation of the desired product requires the loss of hydroxide from
CCXXVIII to give the anil (CCXXX), which could then cyclize to give
CCXXIX.
6-Pteridinyl ketones have also been prepared by the addition of
cyanide to an appropriate nitrone intermediate. 159

The preparation of

2,4,7-triamino-6-pteridinyl phenyl ketone by the reaction of 2-amino4,6-diacetamido-S-nitrosopyrimidine with phenacylpyridinium bromide, in
. the presence of cyanide, was attempted but the product obtained was a
mixture.

The reaction of phenacylpyridinium bromide (CCXXXIII) with

2-amino-4,6-diacetamido-S-nitrosopyrimidine could be expected to give
the nitrone (CCXXXV).

If cyclization of the nitrone occurs before

addition of cyanide, then 4-acetamido-2-amino-7-phenylpteridine 5-oxide
(CCXXXII) could be formed, which may or may not be hydrolyzed in situ
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CCXXVI
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to CCXXXI.

Addition of cyanide followed by dehydration could give the

anil (CCXXXVII), which could then cyclize through the nitrile to give
2,4,7-triamino-6-pteridinyl phenyl ketone (CCXXXVI) after hydrolysis
of the 4-acetamido grcup.

Alternatively, cyclization thrcugh the keto

group could give 4-acetamido-2-amino-7-phenyl-6-pteridinecarbonitrile
(CX:XXXIX), which on hydrolysis of the 4-acetamido could give 2,4diamino-7-phenyl-6-pteridinecarbonitrile (CCXXXVIII).
The 4-acetamido-6-pteridinyl ketones are easily hydrolyzed
by stirring at room temperature with 2% sodium hydroxide or coned
ammonium hydroxide.

As with the 6-sulfonylpteridines, the 6-keto

function is expected to activate acetamido grcups in the 2-, 4-, and
7-positions toward hydrolysis.
The thiosemicarbazones of 2,4-diamino-7-methyl-6-pteridinyl
methyl ketone and 4-amino-7-methyl-2-phenyl-6-pteridinyl methyl ketone
were prepared by refluxing the ketones with thiosemicarbazide in acetic
acid.

The derivatives were very difficult to crystallize, and they

retained water rather tenaciously.

For example, 4-amino-7-methyl-2-

phenyl-6-pteridinyl methyl ketone still retained one-half of a
molecule of water even after drying for twelve hours over phosphorcus
pentoxide at 150°/1 torr.
Pteridine 5-0xides
In the attempted preparation of 4-acetamido-2-amino-7-phenyl6-phenylsulfonylpteridine by the reaction of a-phenylsulfonylacetophenone with 2-amino-4,6-diacetamido-5-nitrosopyrimidine, 4-acetamido2-amino-7-phenylpteridine 5-oxide (CCXLII) was obtained.

The identity

of this material was confirmed by comparison of the product with an
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authentic sample prepared by reacting phenacylpyridinium bromide
(CCXL) with 2-amino-4, 6-diacetamido-5-ni trosopyrimidine (CCXLI)
in the presence of potassium acetate in abs ethanol.
were identical in all respects.

The two products

Recrystallization of the product from

boiling N,N-dimethylformamide raised the mp approximately 20°, and
gave rise to new bands in their spectrum (compare ir spectrum No. 29
with 30 on page 286).

The recrystallized material, however, gave the

correct elemental analysis and the Rf values obtained on paper
chromatography in solvent systems A, B, and C, were unchanged.

In

view of this evidence, it seems most likely that the changes in their
spectrum are due to crystal lattice (polymorphic) changes rather than
molecular structural changes.
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The 4-acetamidopteridine (CCXLII) was easily hydrolyzed to
2,4-diamino-7-phenylpteridine 5-oxide by stirring with either 2%
sodium hydroxide or coned ammonium hydroxide at room temperature.

The

5-oxide function would not normally be expected to activate the 2-, 4-,
and 7-positions of the pteridine nucleus toward nucleophilic attack.
There is the possibility, however, that participation of the 5-oxide
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function assists in this exceptionally facile hydrolysis of 4-acetami do
groups.

A possible mechanism by which the 5-oxide function participates

in the hydrolysis of the 4-acetamido group is illustrated in Chart V.
Since such a mechanism cannot operate in the hydrolysis of 2-, and 7acetamido groups, it would be of interest to investigate the differences
in hydrolytic susceptibility between the 4-, and the 2-, or 7acetamido groups.

Such, however, yet remains to be done.

The preparation of 7-amino-, 7-hydroxy-, 7-methyl-, and 7-tbutyl-4-acetamido-2-aminopteridine 5-oxides was also attempted by
reacting the appropriate pyridinium-activated methylene compound with
2-amino-4,6-diacetamido-5-nitrosopyrimidine.

The yields were generally

low and no pure products were isolated by these methods.

Analysis

of the mixtures by paper chromatography, however, indicated that the
pteridines were formed along with other substances.
Miscellaneous Pteridines
Several pteridine preparations which do not fall into any of
the catagories so far discussed were also undertaken.

As 4-amino-2,7-

diphenylpteridine was thought to be a contaminant of the 4-amino-2,7diphenyl-6-pteridinyl phenyl ketone product discussed in the section on
6-pteridinyl ketones, the preparation of this compound was investigated.
The attempted potassium acetate catalyzed reaction of 4,6-diamino-5nitroso-2-phenylpyrimidine with acetophenone in refluxing abs ethanol,
gave only recovered starting 4,6-diamino-5-nitroso-2-phenylpyrimidine.
The reaction was next carried out in refluxing acetophenone without the
potassium acetate catalyst, the water being removed from the acetophenonewater azoetrope by a trap.

Although pteridines were formed, a pure
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CHART V
A MECHANISM FOR THE PARTICIPATION OF THE 5-0XIDE
FUNCTION IN THE HYDROLYSIS OF THE 4-ACETAMIDO
GROUP IN 4-ACETAMIDOPTERIDINE 5-0XIDES

0
II
- H C-C

3

'

OH
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product could not be isolated.

A similar technique is reported to be

successful in the preparation of 1,2,3,4-tetrahydro-l,3-dimethyl-7phenyl-2,4-pteridinedione from 4-amino-1,3-dimethyl-5-nitrosouracil
and acetophenone. 268

4-Amino-2,7-diphenylpteridine was finally

obtained by the method of King and Spensley. 269

This involved the

condensation of phenylglyoxal hydrate with 2-phenyl-4,5,6-triaminopyrimidine.

King and Spensley had previously reported that the product

of this reaction was 4-amino-2,6-diphenylpteridine. 269

Pachter and

Nemeth, however, repeated the work 159 and reported that the product
obtained was in fact 4-amino-2,7-diphenylpteridine. 270

2,4-Diamino-6-methylpteridine is of some interest as an
intermediate in the preparation of various 6-substituted pteridines.
This product has reportedly been prepared by the sodium methoxide
catalyzed reaction of propionaldehyde with 2,4,6-triamino-5-nitroso-

pyrimidine in refluxing N,N-dimethylformamide. 271
reaction gave only starting materials.

In our hands, this

Commercial sodium methoxide

was used, however, and if freshly prepared sodium methoxide were used,
the reaction might be more successful.

Refluxing a mixture of 2,4,6-

triacetamido-5-nitrosopyrimidine and propionaldehyde without a
catalyst in N,N-dimethylformamide also gave starting materials.
Two attempts were made to prepare 8-acetamido-2,6-diaminothiazolo-[5,4-g]pteridine (CCXLIX) by the reaction of 1-(cyanomethyl)pyridinium chloride (CCXXLIV) with 2-amino-4,6-diacetamido-5-nitrosopyrimidine (CCXLV) in the presence of thiocyanate.

Addition of thio-

cyanate to the nitrone (CCXLVI) could give the anil (CCXLVIII), which
on ring closure through the cyano group, could give CCXLVII.

A second
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ring closure through the thiocyano group could then lead to CCXLIX.
Alternatively, cyclization of the nitrone CCXLVI before addition of
thiocyanate could lead to the 5-oxide (CCXLIII):

Cyclization of the

anil CCXLVIII through the thiocyano group could lead to CCL.
of products were obtained in both reactions.
obtained.

Mixtures

No pure products were

Their spectra of the crude products showed both cyano and

thiocyano bands.

This is at least an indication that CCXLVII and CCL,

and possibly, CCXLVIII are present in the mixtures.

The nature of the

products isolated fran this reaction, however, requires further
investigation.
Paper Chromatography
During the course of this research, paper chromatography
proved to be a valuable tool for the identification and characterization
of products, the determination of purity, and the investigation of
complex reaction mixtures.

Early in the work, an effort was made to

develop paper chromatography solvent systems which possessed the
following characteristics:

An ideal system would give rapid

development, would not be sensitive to overloading, would give well
defined spots, would be simple to prepare and use, and would give
'
reproducible Rf values. A number of the solvent systems reported in
the literature were examined but none of these met all of the requirements.

In an effort to find more suitable solvent systems, several

new systems were investigated.

Some of the new systems were as follows:

.90% Formic acid-water (1:4) and (1:8), pyridine-water (1:4) and (1:8),

morpholine-water (1:4) and (1:8), trifluoroacetic acid-water (1:4),
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phenol-water (1 gin 4 ml), acetic acid-water (1:4), and N,Ndimethylformamide-water (1:4).

The two systems which were the most

satisfactory were 90% formic acid-water (1:4) (system A), and pyridinewater (1:4) (system B).

Using Whatman No. 1 paper, and developing

in presaturated tanks by the descending method, the solvent front of
system A traveled 35 cm in about 4-1/2 to 5 hours.

Under the same

conditions, the solvent front of system B traveled 35 cm in about 7
to 8 hours.

These two systems were particularly valuable in separat-

ing pteridines fran other products formed in complex reaction mixtures.
The utility of these systems for general use remains to be determined.
Solvents for Ultraviolet Studies
Most of the pteridines prepared in this work were insoluble
in O.lN hydrochloric acid, which is commonly used for recording
spectra at pH 1.

The use of solutions in 4.5% formic acid, prepared

by dissolving the sample in 90% formic acid and then diluting with

water has been reported in the literature. 159 ,176, 248,259,267,270,272-275
Several papers have appeared in which uv data at pH 1 is reported to

have been recorded in 4.5% formic acid solutions. 159 , 25 9, 27 0, 27 2 - 274

A simple calculation, however, indicated that the pH of 4.5% formic acid
is closer to 1.9.

Accordingly, the pH of a 4.5% formic acid solution

was measured on a pH meter, and found to be 1.8.

Solutions in 4.5%

formic acid also suffer from the disadvantage that information below
235 nm is not available, and information below 250 nm is not entirely
reliable.

In spite of the disadvantages 4.5% formic acid proved to be

a useful solvent and was used for recording the uv spectra of several
pteridines reported in this dissertation.
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During the course of this work, several uv spectra were
recorded on samples dissolved in 0.lN perchloric acid.

Solutions we:-:-e

prepared by dissolving samples in 0.86 ml of 70% perchloric acid and
then diluting with water.

In a few cases, samples were fcund to be

insoluble in 70% perchloric acid, and in a few other cases, the sample
was precipitated on dilution with water.

Samples should be run

immediately upon dilution as several samples began to crystallize
from the solution after standing for short periods of time.

In

general, solutions of pteridines in 0.lN perchloric acid were found to
be satisfactory, and information was available down to 200 nm.
Infrared Spectra
A representative sampling of their spectra of new compounds
reported in this dissertation is included in this section.

All of

these spectra were run on analytical samples incorporated into
potassium bromide pressings.

The spectra were recorded on a Perkin-

Elmer 457 at slow speed and normal slit width.

Breaks occur in some

of the spectra at 2000 cm- 1 and 600 cm- 1 , and what appear to be weak
bands at these points may not be real.
In general, their spectra of the 2,4,7 - triamino-6-thio-

pteridines consist of two broad envelopes of intensely absorbing bands.
The broad absorption in the 2800-3500 cm-l region is probably due to
hydrogen bonded NH streaching modes.

The envelope of five to ten very

intense bands in the 1350-1650 cm-l region is probably due to various
ring deformations of the pteridine nucleus in combination with
amidinium bands , which are common in amino substituted nitrogen
heterocycles.

The 4-acetamido derivatives show additional bands in the
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1660-1740 cm- 1 region (amide I bands), and the 1200-1300 cm- 1 region
(amide III bands) (compare ir spectnim 9 with 10, and 11 with 12).
While in general, their spectra of the pteridines reported in this
dissertation are much too complex to allow individual band assignments, the amide I and amide III bands seem fairly well defined.

These

bands were found very useful in following the hydrolysis reactions of
the 4-acetamido-2,7-diamino-6-thiopteridines.
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V. SUMMARY
Literature Reviewed.--An attempt was made to comprehensively
review all of the papers dealing with pteridine antimalarials.

All

of the antimalarial screening data reported in the literature thrcugh
1969 was collected and discussed.

Structure-activity relationships

and possible mcxles of action were also discussed.

6-Thiopteridines,

6-pteridinesulfonic acids, 6-pteridinesulfonamides, 6-pteridinyl
ketones, and pteridine N-oxides were also reviewed.

All of the known

compounds in these catagories reported in the literature through 1969
were collected in tables at the end of the review sections.
Miscellaneous new canpounds. --A total of seventy new canpounds
were prepared including intermediates.

Sulfonylacetonitriles, sulfonyl

acetaldehydes, sulfonylacetaldehyde acetals, and various pyridinium
salts were among the new canpounds prepared.

The trimerization of thio-

substituted acetaldehydes to give 1,3,5-tristhiosubstituted benzenes
is also reported.
The structure of acylated 4-amino-5-nitrosopyrimidines.-Acylated 4-amino-5-nitrosopyrimidines were found useful as intermediates
in the preparation of pteridines.
not certain.

The structure of these compounds was

Data relating to the structure of acylated 4-amino-5-

nitrosopyrimidines was presented and discussed.

The nmr spectra of

diacylated 2,4,6-triamino-5-nitrosopyrimidine and triacylated 2,4,6triamino-5-nitrosopyrimidine indicate that these compounds are
288
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2-amino-4,6-diacetamido-5-nitrosopyrimidine and 2,4,6-triacetamido-5nitrosopyrimidine, respectively.
The preparation of 6-thiopteridines.--The Timmis method was
first investigated as a possible route to the 6-thiopteridines.

The

method failed to give the expected pteridines when unreactive 4amino-5-nitrosopyrimidines such as 2,6-diamino-5-nitroso-4(3H)pyrimidinone and 2,4,6-triamino-5-nitrosopyrimidine were used.

The

expected products were obtained, however, when 2-amino-4,6-diacetamido5-nitrosopyrimidine was used.
The possibility of using activated methine intermediates in
the preparation of 6-thiopteridines was next investigated.

Eighteen

reactions were run in attempting to prepare 4-amino-7-methyl-2-phenyl6-(2-nitrophenylthio)pteridine by the reaction of 3-(2-nitrophenylthio)2,4-pentanedione with 2,6-diamino-5-nitroso-2-phenylpyrimidine.
Although paper chromatography indicated that pteridines were formed in
some of the reactions, no pure products were isolated.
A new synthetic method for the preparation of 6-thiopteridines
was developed.

The method involves the addition of thiols to inter-

mediate pyrimidine nitrones formed in situ by the reaction of 4-amino5-nitrosopyrimidines with pyridinium-activated acetonitriles, acetates,
acetophenones and other methyl ketones.
general.

The new method is quite

The expected 6-thiopteridines were obtained with a variety

of aliphatic thiols, variously substituted aromatic thiols and allylic
thiols.

About forty new 6-thiopteridines were prepared by this method.

The new method also has the advantage of requiring readily available
starting materials, i.e. 4-amino-5-nitrosopyrimidines, thiols, and
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pyridinium salts.
The preparation of 6-sulfonylpteridines.--6-Sulfonylpteridines
have not been reported in the literature.

The preparation of two

2,4,7-triamino-6-sulfonylpteridines was achieved by the Timmis method.
While the method was successful with reactive 4-amino-5-nitrosopyrimidines, such as 2-amino-4,6-diacetamido-5-nitrosopyrimidine and 4,6diamino-5-nitroso-2-phenylpyrimidine, unreactive 4-amino-5-nitrosopyrimidines, such as 2,4,6-triamino-5-nitrosopyrimidine and 2,6diamino-5-nitroso-4(3H)-pyrimidinone, failed to react.
The preparation of 6-pteridinyl ketones.--8-Diketones were
found useful in the preparation of six new 6-pteridinyl ketones by the
Timmis method.

The thiosemicarbazones of 2,4-diamino-7-methyl-6-

pteridinyl methyl ketone and 4-amino-7-methyl-2-phenyl-6-pteridinyl
methyl ketone were also prepared.

The reaction of pyridinium salts

with 2-amino-4,6-diacetamido-S-nitrosopyrimidine in the presence of
cyanide was unsatisfactory for the preparation of 2,4,7-triamino-6pteridinyl ketones.
The preparation of pteridine 5-oxides.--The attempted preparation of 4-acetamido-2-amino-7-phenyl-6-phenylsulfonylpteridine, by
the reaction of 2-amino-4,6-diacetamido-5-nitrosopyrimidine with
phenylsulfonylacetophenone, resulted in the formation of 4-acetamido2-amino-7-phenylpteridine 5-oxide.

This represents a new method for

the preparation of pteridine 5-oxides.

The product was also prepared

by the reaction of 2-amino-4,6-diacetamido-5-nitrosopyrimidine with
phenacylpyridinium bromide.

Alkaline hydrolysis of the 4-acetamido
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derivative gave 2,4-diamino-6-phenylpteridine 5-oxide.
Pharmacological evaluation.--Ten of the new compounds reported
in this dissertation were submitted to the Walter Reed Army Medical
Center for screening as potential antimalarials.
have not yet been received.

The screening results
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APPENDIX
Oral Research Proposition Examination, Outline,
23 July 1969, The Nitrosation of
Pyrimidines
Statement of the proposition
It is proposed to study the nitrosation of pyrimidines in
positions other than the normally favored five-position with particular
emphasis on nitrosations which might lead to 5-amino-4(6)-nitroso
pyrimidines, a class of compounds which are as yet unknown.
Literature background
Nitrosation of pyrimidines normally occurs in the 5-position
and requires the presence of at least two and usually three activating
grrups in the molecule.

Almost any combination of hydroxy, alkoxy,

mercapto, alkylthio, amino or substituted amino groups in the 2-, 4-,
6- positions will give a pyrimidine sufficiently activated for nitrosation at the 5-position to occur. 1

It was felt that by using one of

the three activating groups to block the 5-position, thus leaving
another position open to attack, nitrosation might be forced to occur
at this other position.

A survey of the literature revealed only two

such reactions, Davidson and Bogert having prepared 6-nitroso-2,4,5trihydroxy pyrimidine (II) by nitrosation of 2,4,5-trihydroxy pyrimidine
(I) 2 and McQnie and Chesterfield having prepared 2-amino-4,5-dihydroxy-

6-nitroso pyrimidine (IV) by nitrosation of 2-amino-4,5-dihydroxy
308

309

pyrimidine (III). 3 • 4

The nitrosation of suitable pyrimidine inter-

mediates then would seem to offer a convenient and attractive synthetic
route to the 2 and 4(6)-nitroso pyrimidines in general and the proposed S-amino-6-nitroso pyrimidines in particular.

Nx;NrOH

0
II

HNO2,

HOAc

HO

OH
II

I

HO

NYN

0

Nx;NYNH2
II

NH2 _ HNO
_ _, _
__
HOAc
2

OH

. III

HO

OH

IV

Proposition significance
The significance of the proposal is two-fold.

First, our

knowledge of pyrimidine nitrosations in positions other than the 5position is very meager and a significant contribution to the literature in this area would be made in the pursuit of this project.
For example, it would be determined whether or not groups other than
the hydroxy group could serve as blocking groups in the 5-position, and
whether or not nitrosation can be forced to occur in the 2-position.
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Second, the 5-amino-4(6)-nitroso pyrimidines, would be very
interesting as intermediates in the Timmis synthesis of pteridines.
The 5-amino-4(6)-nitroso pyrimidines are expected to be much more
reactive than the 4(6)-amino-5-nitroso now used in the Timmis synthesis
and would give a much wider variety of functional groups unambiguously
available in both the 6 and 7 positions of the pteridine nucleus.

It

would also be possible to attempt the preparation of pteridine 8-oxides,
a class of pteridine derivatives which are as yet unknown.

[The first

authentic pteridine 8-oxides were reported by Taylor and Lenard in 1968]
The laboratory procedure
The preparation of the pyrimidine intermediates required for
nitrosation would be carried out by using methods and procedures
already available.

The nitrosation of these intermediates would then

be investigated under varying conditions.

In the synthesis of 5-

amino-4(6)-nitroso pyrimidines, the activating blocking groups in the
5-position would be converted to the amino group either by hydrolysis
or ammonolysis.

All reactions would be followed by paper chromatography,

IR, UV, and where appropriate, NMR spectra.

Quantitative elemental

analysis would also be obtained for all new compounds.
Estimation of effort and facilities required
The proposed project would require a graduate student full
time for two years and the usual laboratory space for accommodating a
graduate student.

The usual assortment of organic laboratory gl~ss-

ware and equipment would also be required along with tanks and
fittings for descending paper chromatography.

The availability of

311

equipment for recording IR, UV, and NMR spectra would also be required.
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THE SYNTHESIS AND PROPERTIES OF NEW POTENTIALLY
CHEMOTHERAPUTIC PTERIDINE DERIVATIVES
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ABSTRACT
A new general synthetic method for the preparation of 6-thiopteridines has been developed. The method involves the addition of
thiols to intermediate pyrimidine nitrones formed in s.i tu by the
reaction of 4-amino-5-nitrosopyrimidines with pyridinium-activated
acetonitriles, acetates, acetophenones, and other methylketones. Ca.
forty new pteridines were prepared by this method.
The preparation of six new 6-pteridinyl ketones, two new 6pteridinyl ketone thiosemicarbazones, and two new 6-sulfonylpteridines
and their 4-acetamido derivatives is also reported. 4-Acetamido-2amino-7-phenylpteridine 5-oxide was prepared by the reaction of 2amino-4,6-diacetamido-5-nitrosopyrimidine with either phenylsulfonylacetophenone or phenacylpyridinium bromide.
Evidence relating to the structure of the acylated 4-amino-5nitrosopyrimidines used as intermediates in the aforementioned reactions
is presented and discussed.
Also included in the dissertation are detailed reviews of the
following subjects: Pteridine antimalarials, 6-thiopteridines, 6pteridinesulfonic acids, 6-pteridinesulfonamides, 6-pteridinyl ketones,
and pteridine N-oxides.
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